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ON CHARACTERISATION OF A DISTRIBUTION FUNCTION IN TERMS 
OF THE VALUES OF ITS CHARACTERISTIC FUNCTION AT SOME POINTS 


S. GHOSH 


Department of StatisticSf Presidency College* 


Calcutta-700 073*India 


1 . ABSTRACT AND INTRODUCTION 


A function 


function* i 


p ; G 


is called a distribution 


f F is nondecreasing, right continuous and = 


The problem of characterisation of distribution 
is very important in Statistical theory. In this paper, some 
results in this direction are obtained. An implication of one of our 
findings in this paper is in the following direction. Suppose for each 
integer Fj : 6-->Co. 0 is a distribution function 

having characterestic function ^^nt to obtain a set of 

sufficient conditions under which* given a nonempty subset S of 


A ct') - ^ 


for all 


t e S 


implies Pv 


for all 


% e 


Some applications of our main results 


are also obtained. Our results seem to be new, 

2. THE MAIN THEOREMS AND SOME OF THE APPLICATIONS. 

A function p- ^ to>G called a semidistribution function if 

„ . . . I' c: / ('l —siO and F is 

F IS nondecreasing* -U-irn, pc^) - ^ 

3C •> — *0 ^ -T OO 

right continuous at 0. Suppose 3:)■><:-» o*) is a continuous function, 


For all 


C- oo, oo^, 


5 9 <*F 

Cl X ^ fc> 
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will be interpreted as the Riemann’-Stieltjes integral of ^ 
with respect to F on tcv> (cf. [!])• § is said to be generalised. 

Riemann-Stieltjes integrable with respect to F on C“* 

if r ^ as well as 


limi t 

and k, < Ka. 


S 

1 ^ 


il-m 5 

V<.— ®o 


both exist finitely. In this case, 
the generalised Riemann-Stieltjes integral of a with respect to F will 


be defined as 

y^Jjp - h-nCJC S 

- oo ^> 0-V > Ki.^ 

(X'wd K|<.K^ 

Let b € . Let 

for all 1C 6 Both 9a.,t: are generalised 

Riemann-Stieltjes integrable with respect to F. The sewicharacterestic function 
of F at t will be defined as 

4fr U3 = 7 Cos txdlFC'x;) +'i- .J t x. ^ (^=^/=r'>. 

Let f 6 C^:> = ^XpCnfi:>fO > for all 

a: e 00,0^5*) . F is called regular at If the function 3^ is generalised 
Riemann-St ieltjes integrable with respect to F Ctx, 


U^ith these notations, we formulate the following theorem. 

THEOREM 1. Suppose for each integer i ^ { I» 2.^, Fj C^i‘J 

is a semi distribution functionassume that, 

(1) for all 6 ^ either right-continuous 

or left-continuous at X 

(2) there exists Yo ^ such that, for each integer 

J€ it, 2-1 ^ Fj is regular at ’t' 

(3) there exists a real number A which is a limit point of the set 
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Then , 

r^^CTc) yfor all ^ ^ 

Proof, (1) Let j«-{.'. *3 . We have that, CKi) C<->'p (^o lo) 

=0. By some known theorems (cf, [I]* p.l44 and 146)f 

for all ^ 

S e.ptT,*) J0-Pj‘»O -t S 

- - Cl-Fj 

One can easily conclude with the aid of monotone convergence theorem (cf.[5],p.l24) 
that t 

,, ,, / -Fa.C-D Aor<.^ 

For all U0,2.-i FJ Cx:)(^X pCr, 1*0 J -0. i^-ing this 

fact and proceeding in a very similar fashion, one can show that, 

(U2) 

Using equations (1,1) 3nd (1,2), one can show that, 

3_, j \ F.c*? C expcfol^l ) ) 

- **0 < ‘X,<. ^ 

Let 

(1.4) -Q- = ip, ; where o' 6 C-To, Yo"), p e C-oo^'Xi)')^ 

(1.5) FtH)= J CFxt^-^'y-F^C*)') dx^ :Z6-a 

- *xl X. •<> 

For all o('6 Co o#") x 6 C-oo,ooX i •<'* €>«P C*< I *^0 

Using this fact and Canchy-Riemann equations (cf.[2]t p.i2), one can show that, 

F is an analytic function defined on Cl.. Using the hypothesis and the theory 
of Riemann-Stieltjes integration, one can show that, A is a limit point 

of the set _ 

Xtec-'^ ^ CF,£7c>-FiC^0 doc 

^ ' -o^ X < <Ma 

By a known theorem (cf. [2] ,p.78), for all 

P e FC’<-^rip =0 . Then for all p ^ C-‘o,‘oX 


J \F. C*>-Fa. C*l\ (^XPCy; loci':) 
- oa < < ^ O 


( 1 . 6 ) 


^ CF>c.->o-F5.ct£)) -exp £\.px) d!-)c =0 

— 0*0 ^ X -<10^ 
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Using (J,3Jf one can easily show that, 

(1^7) s (F. -F. cix c 

Let TTt denote Lebesgue-weasvre defined on Borel Subsets of 0*^/^ . By a 
known theorem (cf. irf], p, 408), F| - Fa oc. 

Using the hypothesis of the theorem, one can show that, 

F, ^*^0 =• ^xCoO ^ for all oc 6 C- 


The following result is known (cf.[^],p.212). 

Suppose for each integer j ^ Fj 1 C®>0 ^ distribution 

function having characterestic function . h/e assume that, there exists 

6 A 6 such that, for all ^6 

^ ancf. for all te C- A. A\ 

Then y 


F/'X) r > for all x ^ 

The following result generalises the result stated above and is an 
immediate consequence of theorem J. 

COROLLARY 1,1, Suppose for each integer j af Fj : [o, \3 

is a distribution function having characterestic function . Vie assume that, 
there exists ^ f such that, for each integer J ^ i f 

/ ^exF C 1^0 ^ and further, there exists 

a real number ^ wbcih is a limit point of the set £t: ‘.(Js (t)-4>^lt)3 • 

Then , 


f;(iQ= , for all -x ^ 

To discuss our next theorem we need the following additional 
terminologies : 

Here t».,b will denote real numbers such that. < bt F will 
denote Borai-tTalgebra on l<t, b] , /<; F Cft will denote a sigma-finite 
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measure. For all 


denote* 


t & [I, ■xj;) 

t ■’Q)^ f C—®0is a F-measurable function 

"t* 

such that* J I'fC'fOl >i(£A->c) c «><|*^ Loo Fj >0 =: 

is a F-measurable function such that* there exists 
K^f) such that* | ^ 1 - K ^C Mj ^ , Let 


t' 


*t 4 E ' j denote l^lj. r[ fl-fMl 


a £nf,^h 


For all ^3,F >) define |3|qo^ ;lc~ ; l3| 


Here 


\ 


will denote theset of all complex numbers. For all "X €C 


denote 

dtSZ =s ^ 


•mmm 

Z . z 

X\ ^ \ 


'n ^ 
4- C-0 






+ 


svrxa = z-Ti 


1-^ 

5' 


-w 2- 

- +C-C) 


2. >v-t>( 


tx-n-t-V^V 


(cf.[3]* 


P.38). For the purpose of discussing our subsequent theorems* we need the following 
lemma which appears to be new. 

LEMMA 1. Let Ja! F ^(r^, «xj) be a measure such that* ^ cc<^A]>0 

and suppose for each j ^ there is a sequence 

C'^'jliXjx • ) CH € c- ‘O, °<0 ; X ::^r 




- \ 


that* I'^ji ‘ ^ and for each t 2.^-, 

tri 

where* for all It G Sw>v2^ #^Cz:)=:Co52 

Then* 

CA') '=0 ^ all A6F 


Proof.(1) Let - <»<3 ci, tlL 
CQ.I, b]. aJJ ^ ^ ^ 


Let F. denote Borel-cr^algebra on 

m ■ 

denote X, C A ■) r >t''A H t3 ) • 
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Then 

>'.CC«,.O)=0 and 

denote 

Ff*^ =z«,C [«„a:3) . 

and t 

e fl, 2, . . . O , 


S 

5i-nC-n Ffct*)! ^ 
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z*. C€aj3) =0 . For all X C 
Then for all J e -( t,a, - - - 


J CoS F(<^'X-3 

a,^ tx, ^1> 


-0 


where given a continuous function ?•- C- aKj) ^ 

]■ i-CTO F (<«-») should be interpreted as the Fiemann StieJ tjeS fhtc^iral 

c\ ^ X -£b ^ 

vith respect to F on C'*., ta (cf,[l]). For each integer 2.x 

It 

there exists a sequence I, a ^ such that » 


- \ 

(- l^jj^ I ^ « NS y and either, for each t t Cm,- * O > > O 


or 


for each t4 




Further for all 


C- r CoS x, Svx^- xDr — Sv>\ X . Using this fact, one can assume 
without loss of generality that, for each t f Ci» 2^ * - •'), >0, fc > 

Using the fact that, r F x O and some theorems 

involving Riemann-Stieltjes integration (cf. [1], pAU and 146), one can show that, 
for each t € C' i ~ ^, 


( 1 ) 


1 


Let 


JI, = £2:2 = «^+i^, 

= t * ■ ^ ■= V4-1 ^ , 
-^3 = £?-. B- 


where •( € p f C®,“®53 j where I, ' 

Where and f - «>J . Let 


V C oo) and a<r)J^ 


For 


ail 

f2J 

Let 


2 e -n.. U n. 


and for all J t {l, 

•■' r Fc 

l> 


define 


Fj^2)- [expc-i?(;-|bl+lct|)^T' f FC^) 


Zrro^^+lp , where P^C®,«>«:). het *€ 

a known result fcf. f2|r p. 31 ), 
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^ I - j C4rf eoi f i-'P >:) - S'V ^.=<'x)S'i.>^ (v p> »)j 


^ a 

CcrS C 


« 


Let J c •{ *31 ^ Restriction of Fj to -O-j is a bounded analytic 

function. Further if fH.,Za, .3 CZ-Q, be such chat, 

exists and is an element of Fj C^o^~ CZir\) 


and 


«o 

Schwarz reflection 


further. Fj real* By the 

principle, (cf. [10] p.260), there is a bounded analytic function Fj :-^3 ^ ^» 


such thati 


F/^Z')= flC'i'), for aJi U-TIi. 


Let .S\..-z. t.^' 2--= 0<+-iP , 


Inhere p are both reaJ and 


Cc<^+r) -^' 1 . 


Define 3j (Z")-Z f 


3 j 


is a bounded anaJytic function defined on 


t€ C'. 1-, 




1 .0 1 ^ 


tr, L’ ”1 

- e> 

So f 




Hence by a known theorem (cf. [10],p.335)f 


for all 


2 e SL 


■ 


Fj£Z')=o^ for all 

A^CA')= Co): BCZA 

and Btf.L x'CA) -Sv^f {->,<;&:) • ®CI A and B e F,}. 

By the hypothesis of the theorem and a known resuJt (cf.[9], p.lOi), 


(1.3) 


(2) For all A 4 f, define 

I ? 
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o< (say). One can assume without loss of generality 
that, ^ because if by a known theorem (cf ,[9] ,p,10^), 

fAO ■= O y for all A 6 and so, a’CA)~0 > 

for all ^ By equation (1.3), for all *4: € [1*^1* 

(2.}) j = c(-' 


By theorem 1 and a known result (cf, [9], p,104), 

C^'> ~ ali A f Fj and so, >*' CA'i^O , for all A f F. 


THEOREM 2. Let 

T 61oo:) 


7736 following result appears to be new. 

f I 11>3 C- ) be a continuous function, let 

and let -A 6 Lp Cn-.W. F, /«.) be such that, 


iA,hJ: 4y(TC')^o^ 


0 


Let 34 LpCU, b3, F, A) . 


Suppose for each integer J £. {Ml, • 

nonEero real numbers such that 


^ is a sequence of 

and X l^jb \ - • 

t-si 


Then given S ^ (OjCxS'), there are integers t-f, S') ^ I, I 


(\) 


o<l j oi^ ^ such that 

C i ^ 
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Proofs (1) 

functions defined on 


denote the set of all real-valued continuous 


For all ^ ^ b3 ) p 


denote 


llfll ^ If. . CCC^.WI) is a normea reaa 

lineal spa^.^ 'ife'^}etion (1) in the statement of theorem 2 is false, by the 

Hahn Banach theorem (cf. [11], p.229). some integrai representation theorems of 

1 r- /"rn K“l \ (cf * f 61 9 p *'2.^9 and fi0j»p»42) 

continuous linear functionals on Ci CL » J x 

and a known argument (cf. [5]). there exists a measure ■. F 

and a function f 6- C (TC^, kJ) such that, .b] >0, 


is a normed real 


and a function 


S -fCncy/iUdl-iO =1 
oc ^ h 


but for each integer t -^ 


,-j . I . I r (y^xh ^ ^ \ ' o 

^ ) 1 / t ^ CJ'^Oj "i“ \(x^ X V> 

(i-i^ 


By lemma It 


f A) = o > 


for all 


A € F 


and so* 


j' =0 'i'^i^ contradiction proves the truth of equation (1) in the 

ft ^ ‘X ^ 

statement of theorem 2. 


-\ 

(2) If P define 61. by the equation r -i =I.lt 

P = 1, should be interpreted to be o<, , Suppose equation (2) in the statement 

of theorem 2 is false. Proceeding as in the proof of theorem 3.2 in([4]. p.26), one 
can easily show that, there exists Lf Cl b3, F,/c"), J L ClG=»-(k], F> ><-) 


= 1. If 


such that. 


( 2 . 1 ) 


s , - I 

ot. i y- -i.*. 


but, for each t eC!<, a, - {.I, 


( 2 . 2 ) 


I b \ - 


= 0 » where for all “K ^ 


For each 6 F , 


ft C'^D - Cx.) ^ ^ k-rv X 

define Z*'* C A ^ 

^ A 


Equation (2,2)* the fact that* 


and lemma 1 
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together implies thatt -O ^ for all ^ The hypothesis 

of the theorem implies thatt ^ Ca,b]: 

(2.3) / i C^^%Cyc^ ^UiC)-0 

b 

Equations (2.1) and (2.3) contradict one another. Thus equation (2) in the 
statement of theorem 2 holds. 


The following results easily follows from Jemma 1 


COROLLARY 2. Suppose for each integer J£ 

distribution function such that ^ Fj fa.") = O — I ^ 






be such thatt 


?- =«>«» 


and for all 


t £ ( 1 , 1 ., - ■) j 


j fx") = ^ CC>»t x)3 <AFa_£x) 

«• 4 xxb « 4 


Then* 


^ for all “X € 
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SHARPENING OF A THEOREM OF GWO DONG LIN AND AN APPLICATION 


BY 

S. GHOSH 


be 

for 


Depsrtnjent of Statistics* Presidency Colleget 
Celcutta-YOO 073% India 

1. ABSTRACT AND INTRODUCTION 

Let j ^ probability’-space• Let ^ •, 

a (f^measurable function. Let p PC^ K C‘o:) ^ vc.3> ? 

all oc & ‘x'> ^ called the distribution function of X, It 

is an important problem in Statistics to identify a distribution function in 
terms of some of its moments. In this paper* we have obtained a slight 
sharpening of a result of GWO Dong Lin (1992) in this direction, application 
of our main result is also obtained. Our results appear to be new. Let 
y : n. Co.oo) ^ Co.oo) be cr-measurable 

functions. If for some t 6 C-^ ^ ^ ^ ^ ^ ^ ^O 


then it is automatically understood that* 

ptiot-Tl.-, =o'> + P Cufr-Q. ■. Y, = ’=-0 

2. THE MAIN THEOREM AND AN APPLICATION^ 

THEOREM 1 . Let f) be a probability-space. Suppose for each 

X' *. -H-fo, ^ <r-measurable function and 

suppose Fl is the distribution function of Xl * assume that* there 

exists o(^ t C-^, 00 ) j o(x ^ 


such that* 



16 


r 

(i) for all and for all , EC^v 5**^**^ 

(ii) there exists a sequence P| of nonZero distinct real 

numbers such thatf each p> ^ - p® and 


and further* 




for each ^ ^ - - *), F ^ E Cx. 


Then 


f, C^ Fjt, ^^ for all x € 6- 


On the other hand* if - 0, r | 


and for each c € { l, > 


® V I# 

the assumption that* ^ ^ 
replaced by the assumption that* €■ \\- 

Proof, a; let X 6 Co,^) , Define cj/x) - J t 

p o«(r4x 


he such that 


, o( 0 ^ If ‘<'< 0 , t t «, ft-)] 


^ r ^ J = 0 . If >0 > 

~ t-*o+ ^ & 

by virtue of the fact thatf T 5 ^ J 

t->04. e^£'56.^t 




-^5x^f x.t 


Similarlyf Ll'VwSoLf [^ 

fe" -> O -f 


= 0. iw>0, Ct”"c<i.c««o:)-<i.«Ol - 

li of € C-«o^6') - G., 

a.j- c V t-*o. ‘" A - , 

^ £i-wv C ^ f'l <»•>§= ® • Thvs for all i € 11,2}^ 

— t^:x^oo 

and for each nonzero real number ^ ^i ) > 

fj.j; JL-^Sotp r C««;C®*)-Gcft))Jxo 

tr -> o -I- ^ "^**0 
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Let oC 6 or^-PO be such that, . Let 

i t- ^ Using the theory of Riemann-Stieltjes integration (cf,[l]* 


P,144 and 146)* one can show that, 

# I ^ ^ Ik ^ < .-k t *^”’1 


S X ikCkiCoC) ^ f CiiC'it) (n;(0 

C/Sing n.i) and monotone convergence theorem (cf. [6] ,p.41), one can easily show that. 


( 1 . 2 ) 


Thus, 


(1.3) 


J <Sc^x) 3c^ ^ 

04 


j’ 1 Ci r») - <3ia,C»)\ < ocj 

0 4X41 


Let 


t 4 Cocks'), for all 


By the theory of Riemann-Stieltjes integration (cf.[l], P.144 and 146) 

f % ^C^iL<xO -(^o 4- 5 (l<;cC-o) 

14 X-41 ^ ic -f t 


where. 


X 3- ^ i ^ 

l4 *4 t 


is to be interpreted as the 


Riemann-Stieltjes integral of J with respect to the function - C.;) 

on [l.t]. Using this, (1.1) and monotone convergence theorem, one can easily show that, 

for all P C<^lCo«') ~ (nlC*-)'y <.«>«» 

14 x«< ckQ 

Using this and equation (1.3), one can easily show that, 
for each nonzero , ^a."* P» ) > 


(1.4) 


S x^~' IG, 4->i <. txb 

o 5 ^ ^ oa 


Let <P.'< P, < P/ ^ Where if fi. >0, 

® -» o <t 41 

P;-P' p'' 

t ) b' ‘ b ‘ Fi * There exists k,6 (o^«o) 

<'v>^t> I C- Lr5 t ") t ' * 1 

such thati 1 V. 3^ / ^ | > 
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(' C-V5t)CcC«*t5 K, 5 fc ‘ 

,1.^, *■ 0<t<t 


( 1 .!) 


Fc <<#*■) ^ no 


(S<fc i V 


Thus-, 


I I I ^ J = o 

A * i 


S C^5 t)Cc(clt) r: ; b^' Fi««tr) 

I 4 fc-^iC, o<t ^ l-^tr^^ 


!-£ t: ^ 
/✓ 


S C-*«5^t ]) t 


p. - f. 


t ^ t 


suc/7 that* S* 

I 


P," 

t' Fcf«(Lt;) , There exists 

JL * '^ 

P.-fi 


$ ^ I- S ^ f I. Pi - . • . V 


Then* 


( 1 . 6 ) S C -S Ki. 5 t" FcC<tO 

\< t: t <1 CW 

So for ail C fe-ti.a.] , \}-:^^ \_ CGi;C»<»)- C,c(t>) ‘*^*^3 “ ° • ^'’“S 

all i 6 { 1 , 2 }^ 

(^■^> 1^5 t CC,;C««)-C..(t))]rO. 


Let L€:{(,2.3 * let >V1 € CO, 0 • Using the theory of Riemann Stieltjes 
integrals (cf,[l]* p,144 and 146)* one can easily show that* 


S X“^*9«.t ^ + i f F)At = C;iC»- 3 lU^-yn 

‘V> ^ t I * . <> #_ 


and 


•>V> <t 6 l 


(1.6) y C-Cw) |t>^ I ® ■'*> '♦“o. Using thist monotone 

convergence theorem end equation (1,5). one can shov that* 


( 1 . 8 ) 


T Gj(t)t'olb<.o<3 

O'C.t-ta. I 


^ " ^5^ > for ail |6t<o«. Using equation (1,7) and the 
theory of Riemann-Stieltjes integration (cf. [1], p.l44 and 146), one can easily 
show that* 

r i 92.A(;<iiC“0)-Gt) + J CC;C<xi:)-Cc«t?) f'Jtl 

t: 0 y where 9i. v) should be 

i4 t < t*. 

interpreted as the Riemann-Stieltjes of with respect to 

on [1*K], Using the above fact, equation (1,6) and monotone convergence theorem* 


one can easily show that. 
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(1.9) 


j' Ce.tC-«4) t' ^ 

If* 


Using ecjustions (lm4)t CJ»8) snd (1,9)* one csn easily show that* for each 

o( 4 C'< -^1, *^X- ft ) ^ 

S x"-' 

of 3C^ 


o< 6 




There exists 


K ^ ^ K, 6 


suc/i that* 




0^*<\ •' ) . I j 


Then* 


o 4 X ^ oo 


C,, 


0-^X-£ I 


^C 3 i^ Thus f for G3ch ^ 1^ j^ ^jl “ i ^ 


(1.11) 




«<, Ci<^ 


<«<J 


(2) Let t. ‘=^C =■ Pc - P I ' for all 

9C 6 ? w'here if should be interpreted 


to be 0, 

i *= j 

O^CZ-oO O-^-X-^CKi 


— J[ ^ ^ C *> ^ ^ 

0 ^ Oi^ 


limit 

K,-*o-h, Ka.-» 

and ^ ^2. 


5 1 , 

K^<6 «€ •£ Kji . 


C -x.^ 


Where S — ^a- ^ should be interpreted as the Riemann 

v<^4 « Ka- 

Stieltjes integral of respect to (C,,- <S; 3 ^) on L*<, > KaJ-Cet 0. 

By (ID.p.lii and 146), i3, A^li, - C, a.-) + J’ClS, C*:>-C,^i3.-)y „(■ ci )C 

r Ka.'" C - <Sa.tHO^ - K^'- -Ci^f ) 
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-; 0 as - > 0 -hf - > 04 (cf. equation (lA)) 

Using the above factt equation (1,1) and monotone convergence theorem^ one can 
easily show thatt for all (2*3f 

(2.1) J ‘*X=o 

Q ^ yL ChQ 

(3) Let 'v = >Fr <V-JL 

(3.1) '^(= tZ-.2 = o<' + -: p , where ^ Cv,-P,j 04 -p,')^P 

(3.2) FCZ)= 2e-a, 

O.cx<o« 

Using equations (l,10)f (1.11) and the Caw^hy-Riemann equations (cf. [2]* p ) 

one can easily show that, F is an analytic function defined on the region -Q.^* By 
a known theorem (cf. [2]t p.78)t F(Z) = 0, for all 2 € iT-j ^ so, for all 

p 6 

%’ j^-exp ■)] «ijc=o 

Using the theory of Riemann-Stieltjes integralst dominated convergence theorem 
(cf. [6]f p.42) and the fact that, 

J 1 dx d ('cf. equation (l.ll))f one can easily 

0^7t<oo * I 

show that, for all ^ € G~ ^ 

(3.4) i L - P ^ f ^ * 3) 

O ^ DC ^oo OXXr 

By a known theorem (cf. [5], p. 186), 

(^A) (j, (x) r C^CtC) ^ for all ^ ^ E®>^5 

(4) Let (T*| = Borel-(f^algebra on For each L denote by >w^ ^ 

the unique probability-measure on Q 07 ^ that, for aJJ 

X^ (;o_,oo)^ Fc = ?nc C c O. *3 ) (cf. [5], p.167). Let 

yr^C^ •)= + -*^x t a:> ) ^ for all Por each 
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be a -measurable function 


(cf*[6 ]» p. 108) . 


such thaty for all ^ ^ 

tn:CA') - I IcC^y ■ynCei-’^) 

A 

One can easily show that* for all ^ ^ ^X 

& ft 

Cyioc') -z t ' F|f<Atr) -x J t (t) yr\ (dt) 

O ^ t" ^ oc 0£tr^^ 

- C-,tx) - j h . 

^ 0 £ OC 

Using this* one can easily show that* there exists tvl 6 QTJ' that* 

a(N) = 0 and for each nonzero X^M > f|C*^ r f 2 ^f‘>c) • I-et 

- j - 1 -fi f ')r\(<i.t') 

Q4l fe* ^ O 




and 


1 = [o,C E «>> ^ j ^-foD = 


Thus for all 


^ C to,F\ “ Tx 


(■ 5 ; Assume now, 'y, = 0, - fto = • for all it{l, z]^ 

E (^1 Xij + 1 3 Since^lC-^oa^^x.^ 

EmtlFcfE)l=0 . Since / C ^^ 




Thus 


for each t t ^ 2.^ ^ 




tK) 


rs.j) 


^ n w ^ ny ^ ^ 


Using these facts and the theory of Riemann-Stieltjes integration (cf.[l]fp.l44 
and 146) f one can show that^ for each t 6 

/ PC* fc(A'^ + J ^ dfx -iC ^ thus, 

C><:x £ ^ ^^ ^ 

0.2; J X ‘ \F, fx> I 
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Since for each i 

6 <l‘?c < «»o 

the theory of Riemann-Stieltjes integration $ one can easily show thatt 


using 


(5.3) 


S \ Fi 1 


r5.4; 


2- ' C- iZ *. z 
p € C- «>d) 


r 0^4 i ^ , where o( €• 6- oa 

and 3 


(5.5) 


Fi C2) = 


j CF,fx)-Fifx))x ' <^x , 2 

0<i X -< oo 


Using (5.2) and (5.5)t one can easily show that* Fj is an analytic uniformly 
bounded function defined on . By the hypothesis of ’the theorem, there 

exists a sequence of distinct strictly positive reel 

numbers such that, each (■i < i 


and. 


(5.6) 


S C F( C-x'5 - Fi ^ * d-x: z: 0 


0 C 3C -£l oO 


51 ^ ^ f<nown theorem (cf.[7], p,305), Fj(Z)=09 

for all 2^ ^ -^2. , So y E 

2"'] and sot by vhat has already been proved, 

F, (.ocy = ^'or aii -X € C- 


(^0 Dong Lin (cf.[4], p,128) has proved the following 


theorem. 


Let cn. , ff; p) be a probability-space. Let Yt -O- ^ 

^-measurable function such that, for some oC i to, iY dp < 00 . 

Let W.j_ > . . . ■ '^C. Co^cC) be a sequence of distinct real 

numbers converging to some point ^0 €Co,o<). Then the sequence of moments 
I characterises the distribution function of Y, 
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Clearly theorem 1 is a sharpening of the above result. 

The following result can be easily proved using theorem 1, 

COROLLARY 1. Let ^J^>cr>p) be a probability-space. Suppose for each 
integer I £ f', ^1, : n.is ^ iTbeasurable function. Suppose 

I is an open interval such that, OS f for all £ T. for 

Iv'e assume that, there exists a 

bounded sequence ... 1 of real numbers such that, for each 

ft 

integer J^l, + 0 ond 

f [exp f-Vj X, )]= E 


Then 


and are identically distributed, 

JLf 


The argument that has to be used for proving Corollary 1 
is similar to the one used in the proof of theorem 1 and hence the proof of 
Corollary 1 is omitted. In this connection it should be noted that, an 
implication of the assumption that 06 I that, for all 

^ ^ ‘consequently, for all o< € 

0 ^ 
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A SET OF NECESSARY AND SUFFICIENT CONDITIONS 
FOR PERFECT MIXTURE OF PERFECT MEASURES BEING PERFECT 


By 

S. GHOSH 

Department of Statistics, Presidency College, 
Calcutta - 700 073, India 


ABSTRACT 

In this paper, an analogue of the concept of perfectness for Banach-Space- 
Valued measures has been dealt with and a necessary and sufficient condition 
for perfect mixture of perfect transition probabilities being perfect has been 
developed, A theorem of Ramachandran (1973) has been generalised with the aid 
of our theorem. 


1, INTRODUCTION 


It is known that, perfect mixture of discrete transition probabilities is 
perfect, but perfect mixture of perfect transition-probabilities need not be 
perfect (cf.[6}). Suppose (E.F.P) is a perfect probability-space, 
is a measurable space and H is a real Banach-Space norm on which is donated 

by \l • 1\ • Suppose yO. Cx, •) ! E X <5^ H ® 

transition-measure. Under some restrictions on .) , the set function 

'►»vCA’)=CAT'X,A)f At-CL is countably additive, where the integral 

refers to Bochner integral (cf.[3}). The object here is to investigate into the 


perfectness of the measure m. 
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2. NOTATIONS. 

Throughout our discussionsi H will denote a real Banach^Space norm on which is 
denoted by II > II and Zero element of which is denoted by d • bet 

be two measurable spaces. CTJ (Q CT^ will denote the 
smallest cf^algebra on x containing the set CA\ 

where Ai ^ 7 ^ ^ 1 S each A 6 (Q denote* 

projection of A on /Xj ^ : there exists ^ such that* 

C’X.’a A^, ACpcyfurhere X e JT-0 = C3 ^ JZa. ■- ^ ■ 

The definition of projection of /A on will be obtained by replacing in 

the definition of projection of A on JTL^ 1 by 2 and 2 by 1. Here djp 
denote empty set. 

Let 'jn. *. < 5 ^ -> \\ be a measure* where convergence in H is 

to be understood as convergence in norm. Let be a sub-O^algebra of 

is said to be of bounded variation on * if there exists K ^ 

such that* for every sequence CAi\ disjoint 0^-measurable 

sets Lc.t P •• < 57 -^ Co,'3 ® probability-measure. 

I “V 

Let /{CZ riy • 

Let called the outer-measure 

B ^ CTj and CT 

induced by P on the set of all subsets of • H Is said to be perfect * if 

for every -measurable function j-*. X2.^ ->G-ocf^ there is a 

Borel subset E of such that* V (.f ''ce;) = i. A function 

—> H called a H-valued transition-measure on 

if for every A f ai 001 , the function 9a C where 3a - 

A Cyi)') > is Strongly measurable with respect to and 

Bochner integrable with respect to P* for every countably generated sub-d^algebra 
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« 


(t' of (SZ there exists N(er^') <£ CTJ such that, T CmCOI') )= | and 

< 2 * ^ 

for each restriction of to is a measure 

of bounded variation and furthert the sequence '.A^ aJJ Ae<r,@«5^ 

and uniformly integrable on f IX,, (TJ . 

If 6 Cr; denotes characterestic function of the set ^ . 


Throughout our subsequent discussions^ ^ denote 

a measurable space, where the (J^algebra 6^ is generated by a nonempty compact 
subclass D of <3^ (cf, [5], p.7) such that, ^ ^t>> 1 X 3 ^ 

closed under the operation of taking finite union and countable intersection and 

for each A ^ l> there is a sequence ^I « 

C. 

A = U E A) . Let 


(2.1) T, =• (^A ' integer i there is an integer \ 

and a sequence such that, 

QQch ^ closed subset of [0,1], each 0 f'^ ) J) ^ 


and 


A-- n / .U V ^ 

X j -I 


Given /A ^ Ti easily show that, for each ^ 6 Q ^ A ^ D ^ 

(Projection of A [0,l^is a compact subset of [0,1] and (Projection of A 

3 


on <X2. ^ 


3, THE MAIN THEOREM AND SOME OF ITS CONSEQUENCES, 

To discuss our main theorem, we need the following lemma, the proof of which uses 


an argument due to Blackwell and Ryll-Nardzewski (cf. [1]) very closely. 

LEMMA 1. Let F = Borel-cr^algebra on [0,1]. Let P be a Probability-measure on 


([0,1],F) and let denote the outer-measure induced by P on the set of all 

subsets of [0,1]. Let -A<C * 3 : F X 0^ -> H be a H-valued 

transition-measure on ([0,1],F,P). Let A 

there exists £ ^ T“ (cf. section 2) such that. E'er A 

E-, E,C*:)n CAC’O-£(:*>>■) " 


Then 
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Proof, (1) Consider the set, 

(1,1) T- C A ^ * given there is a subset E 

of A such thatf E(A,S3 « T, end further* 

E,€ ^Ca .s)^ ) II ^5 ^. 

If /^,6F, A, B, eT . Further. If ^ he a 

' 'r» 

finite number of disjoint elements of T> ,0 ^ v, ^ "T . 

V. * I 

C EC'> j>, J-I, X s . « ."i be a nonincreasing sequence of elements of 


T and let 


choose 

5vaP 

E,tF0<r3 


- ►'n ECl, JD , Por each integer 'nijl 

J 

and 


4 r, such that, c: ECs^o 

JIjMKE,CO0 ((|o,^ 

oo 

L^lE °(', = n E T, ■V'l C Eo ■ Lvt E, C F(g) CJ3 . 

vv <« I 

have that* f II E, C’t:) n CEa C'X>>') ll fCdtj^ 

^Z. r||/*c*>E,fx:)nfe,fo<)nCn n - ‘v'.tv t^)')ll 

* U'S^I 


Z S y 

to be 


•n-i 

where if n ^ 1, ( ^ should be interpreted 

\ u -» I IL y ^ 

_Q.,. Thus. ^ofeT. 


(• 2 ; Suppose £ E <a.,x;) , ^, Z, • - - * ^ ® nondecreasing 

sequence of elements of T. Let S' 4 . (o ^ cm*). IrJ ^ shall prove Hat, 

r2.j; tivriSwp rn^('^^Ei t'O 0 CP^t'0-(’£ 

Od 

where, - U Eitv . 

Suppose this is not the case ^ choose a sequence - ^ 

and a sequence Fx‘x./v ^ I, Z, - •• •> CZ F (x) ^ 

f 2 . 2 ;J||MC^.Fii:COnCFV>- (tfz.-nc;)) ) ]) II TCdr.) ^ ‘^/a. 
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Let Fo ^ countably generated sub-<r=algebra of such that, 

. , ^ TT/r> F«* L ) 2.'*-'^ is measurable 

each element of the sequence E ^ E T Xi, , >' 

..ith respect to F 0 . Choose a F-oeasurable N such that, P(N) ^ U for 

each X e H ) restriction of the measure to is of bounded 

variation on Fo further, for each AeFt , restriction of the function 

1| Z*.^. , ;) 1( Fo H measurable, i-et 

be an increasing sequence of finite sub-<r=algebras of Fo that, ^ Fp irv 

generates Fo . For each integer "n ^ I, ^et ' A '<^('^'>1^ 

be an enumeration of aJl the distinct set-theoretic atoms of Fom , ^et 

:x! € M j A t Fo * . Define 

L^L-z) M.'c^,A') = l-^Svcrx'^ llz-c*,/\o 11 

Tl -> Oi4 U '*=■1 II 


For all ^ & Fo > > A") ■ >>1 F P, ® 

function. Further, for ail /A t Fo ^^tid 

(•2.4; 


F r> N -measurable 


y C’'. a:) - S’u.p £ ii^cr,e>i) 

u “I 


where, the supremum ranges over all possible finite -measurable partitions 

C6„ ■ Bv,y of A . Choose €(«,“«) such that. AfrF and 

always implies that 

LX.S:^ S^P 

EeF®(? 3 A A ^ u Pr aC' ^ 

Choose Ao^F o<i) such that, Ao<ZH^TLAoJ- H 

and for all % 6 Ao , /k' fa-, X2. 3 ) ^ K - Choose an integer 

such that* for all tu ^ ^ 

This equation together with (2.5) contradicts (2.2). Thus (2.1) is proved. Thus T is a 
monotone class (cf» [8]* p,13). Let 

(2.6) T- =CAeCf%\ for each integer n | ^ there are sets 

1 .L T. . A 6D ®“ch that, A=u Aln> '^ = UAxT\. ) 

A|TV* D «=! ’ 7\=l 

T is an algebra generating (JT • By what has already been proved, T contains 

2 *3 

an algebra generating F (g) OJ thus by a knou-n theorem (cf. 18], p. 13), 

X = • Thus the theorem is proved. 
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In theorem 1 that is being stated belowt F will denote Borel-O^algehra 
on [Orl], P will denote an arbitrary probability-measure on ([Otl]fF)f will 

denote the outer-measure induced by P on the set of all subsets of (^^ ] y 
will denote an arbitrary measurable spacet ^ will denote an arbitrary function 

which is measurable from C-O-O., <rO •• r», 0 X -> 

H will denotea H-valued transition-measure on ([Otl], F* P), For all J\ 6 

denote '^CA') ~ ^ ^ A ^ l\ P ^ this context? we have 

the following theorem which appears to be new. 


THEOREM J. The following two conditions are equivalent ? 

(1) there exists a F®cr:~ measurable set N such that? 

Fl CLO , I 3 - projection of N) = 1, for all ^ 6 C Co> H- 
Projection of K), H Cx") Cl and further. 


^ (to /' 3 - 11A Ci, n ) II > 


(2) there exists a (S^measurable set such that? 

and for each (T^-measurable subset E of 


M|C: 

Ci"' 


Proof. Suppose condition (1) stated in the theorem holds. Let ff be the set whose 
existence has been ensured by condition (1). By lemma 1? there exists MfCH 
such that? Mr ^ "T 

)ll>«C^,r'C 6, (x:) nCM(oc)-(hlr)Cx:)') || f(al^')£S. 


Let Fs - 


and 


3 - projection of ^ ^ (-Ti 


^ ^ ^ ^ <33 that? Cl CZ 


5ll/^Cpt.^''C4:»)lir(a.x> - j'li M-cx.f''c^nCMc*)-CMr3C’‘:):)))ll 


s 

of 


Thus 


for each integer n ^ 1? there exists a Q^-measurable subset Bj^ 
such that? for every OTIJ -measurable subset 3 ^ of ’B', 


S II P(:dx)£:-n'. The set ^ B 


Tt -'-n.» 

serves the 


purpose of the set f4| given by condition 2 of theorem 1. The other part 
of the theorem is trivial. 
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In our subsequent discussionsf (EfFtP) will denote a perfect 
probability-space* denote an arbitrary measurable space ^ 

» Ex(J^ _H denote a H-valued transition-measure on (E,FfP). 

In our subsequent discussions t we shall assume that t the (^-algebra 0 ^ is 
countably generated and for each x. & ^^3 ^ ^ subsequent 

discussions f will denote the outer-measure induced by P on the set of all 

subsets of E. 

Let ^CEi. Fl) V-=iV 2 .,Le three measurable spaces, where 
is countably generated. Let d Le a countable generator of 

o<4 . 

F 3 . Let kcx'^ = ^ CVa") k is called 

a Marczewski function corresponding to . Let ‘hri ; H 

be a measure, where convergence in H i = to be understood as convergence in norm. 

Let ^ be measurable from is called 

perfect, if there exists a (J^-measurable subset B of :f such that, for all 

^ ^ F| and for every -measurable subset B H 

rO. 'Ttw is called /p F cTS) if for each function ^ which 

is measurable from E 2 . > 

Ci Fv> Fa,. <^3 

In this context, we present the following generalisation of a theorem 
of Ramachandran (1973). 

COROLLARY 1. Let ^ be a function which is measurable from CTl) 

and which is such that, there exists N 6 F that, P(N) = 1 and for each :x. ^ 

there is a countable subset of ^^oh that, for each (y^measurable 

subset E^o of y II 11 ’ 

•yr.cA'y- Sm C'x.ACy--)'^ 

— perfect. 
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Proof, (1) Choose a countably generated sub~<y^algebra Pa. of f a countably 

generated sub-o^algebra of F and a set /sjj g p^ such that* 

for each ^ € Nj ^ restriction of bo p 2 _ ^ measure 

of bounded variationt f is measurable from Fa.:> 

and furtherf for every ^ ^ 2 . > function Cx) = mC-x, ^ 

is measurable from ^ Fi O (where B ® Borel-tJ^algebra on B)* 

is strongly measurable with respect to Fj OM| well as Bochner 

integrable with respect to the restriction of P to Fj nN| . Let 
C Aa, a^, - •) p, be a countable generator of fj. Let 

CX3 7\ 

U-) , for all car E , Choose a Borel subset UnO 

•ntil ^ Am 

svch that, ? C ■♦'T' = 1 P " Borel-lT-algebra on [0,1], . 

For all Af-F', define ?, Ca->^ T CA'i') • Let at <? N,. . 

Let ^ unique set-theoretic atom of pj such that, for all 

AM, <,(-3^ - X. Let g AM, A,«- <^3 . Define 

■^i.C->^,Ax')= /^C^i.^'CAO). e h|; , define A<X = 


(2) Let ^ cT^ "hci 'i he a nondecreasing sequence of finite svb-d^algebras 

1-3^) *"'i 3 


of 


such that* for each integer n \ 1 and for each set-theoretic atom 


A of CT^-^ A expressible as union of the elements of a set 

r» - \ 2-_"J Cn. T> ^Q^^hion (2,6) in the proof of lemma 1) 

and further* is an algebra generating 

For each integer n X 1* let ^ Af>', ‘ * " ’ * ' ^ he an 






Let 


is expressible as union 


enumeration of all the distinct set-theoretic atoms of 

*. either or 

of a finite number of elements of the set ^ J) ^ A ' *' > 

For all Oi e l"] ^ncf A \ ^ ^*3 , 

define 3 Lx, AO =:5*uf .H || H where the supremum ranges 

u ~ I 

over all possible finite partitions L^\y ^ Vt) of A\ . ^or each 

**< 3^3 ® measure. Let Sf J, f 


L ' K C’n)f Vl ^ ‘ . j) . 

t ^ 


is a measure. 
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For each x ^ N- 


and 


A ^ 


there is a set l> <A ^ ^ A 


such that, /\)€ T>J, and >(3 6 <,/\ - DVt*, A 


and 


consequently 


S'^p A*i. (^, Ed O C/^- A>^ ) )1 


is 

A & F, 

( 2 . 1 ) 


Fo ^<^0 


is a countable subset of D* Choose 


^ Co^ c>o) 


such that 


■p always implies that, for all E*© 6 F(^ O 3 

I 


(2.1) J II C"*^, Eo (■*'>^ 11 ^ 

A 

Using some of the ideas presented above, one can show that, for each integer n ^ I, 
there exists a F'-measurable subset A<:-*',ix> of N a. such that, 

and\/i^\, -KC»v>/'>a''a ^ EC>,1.) 

of AC-h,u) such that Efi', v) ^ J> and 


( 2 . 2 ) 


such that 


and 


Sop Eon(AC'«',v) - 11-^ ^ 


& cr^ and ^ € A Cyy^Sx ) 

o<i K 

I.eto<CE)=n C0_ EC-^.'o) ,A A One can 

easily show that, for all X£A(^x), 11 H (j=<(S'^ ) 11 


^ s 


Since for all OC e S 2 .3 £ acTJ ^ 153 ^ 


(2.3) I ' ^^o<(S:) and ^^-gj 

^ ft [ n A i-.t) X n Ac>.vO]6<s5®<S 

Using This fact and imitating some known steps (cf. [6] and [3], p.52), we get that, 

(2.4) \_C^ ,'s') & A cSx^pt «K f 5 D ; II Mx C ‘^) £'33 ^ ll > 0 ^^ F <35 • 

Using this and theorem I, one can easily show that, there exists a ^Immeasurable 

subset BCS) of such that, for every 

^ vC. ^ *v 


^ -measurable subset o( ^ tf 


(©(«)> n c( (S') 
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(2-5) I 11II =0 

i>;'CA(so) ^ 

Using equations (2.1), (2.5) and the fact that, Swf |1 A<z^'x,'><onC«<(0);|( 

21 € >4C^x) Vo f 

^ S y thati for every O^-measvrable subset of 

■^r' C 

Thus for every integer nXl, there exists a (T\-aeasurable subset f-0^^ 

such that, for every GX-measurable subset d(^ °f S^fJ'UKC'Kff- *(5<e))|j 


o<5 

So -V 

n**i 


The set 3 ^ serves our purpose, 


The following result, appears to be new, 

THEOREM 2. Let denote Borel-CJ^algebra on 

J fcd-xX A e F(3) 0^ 

-yyv is perfect if and only iff for ever^ countably 

generated sub-d^algebra of ^ there exists a \Hi3Crczewski-function 

corresponding to and a F® measurable set 

such thati "pj (E-projection of ail rJ ^ C 

Sv«.p p E -* Projection of • 

^ 11 CA") n(Ksw II >oj =0 

Proof, B-Borel-d^algebra on H, Let ^ be a function which is 

measurable from c-^3., to . Let Fsl ^ 

countably generated sub-O^algebra of OZ such that, is measurable 

from (■n-x,F-z.y . Let a Marczewski-function 

corresponding to p and let fs|r- be a F (S) OT measurable function 

2 - * 1 . ° 

whose existence has been ensured by the condition of theorem 2, Let F| be a 


az 


countably generated sub-(T^algebra of F and let 4 P| such thatf 
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PCVl,")al Nj d (E-proJection of ^ 

(cf. lemma 1), for every sC e N, , /<('’<, bounded variation 

on C'^xy fO j * P*. 7 Sa <--><)•=■ > 

M ^ 14 is measurable from 

further^ the function 3^ is strongly measurable with- respect to p, nM| 
as w^elJ as Bochner-integrable with respect to the restriction of P to 'f^ n^i . 

To prove thist one has to use the known fact that (cf.[7]i p.4)» Pl and fNi| 
can be so chosen that, there exists a Marczewski-function ^ corresponding to p, 
such that. 6 <T 5 and in this case, for all A e F, ONj^fvCA*) 

is a Borel subset of [Otl]» For each integer n^l* choose a 


FjO H-measurable 


nonempty set 


YV 


and S^yy^ (®,®***) such that, for all oc ^ A m ^ 


5 . II supremum ranges over all 
possible -^measurable finite partitions CB^, - -- of -^2- 

further for all 6 F.C^Fx, T ^ Tl £ O, • - O . 

Let = n^Fo-l 

Let F-i = Borel-d^algebra on [0,1]. Using a known theorem (cf.[7],p.4), 
one can easily show that, ^ o • nCA-n\ 

Choose a unique set-theoretic atom B which is such that, 

6 /^-yv ancf for aii 36 ^C'^\ Let 3 ^ 

Define M,Cr,Bo:> ^ . E o) . theore/n I, one can 

easily show that, there exists a nonempty Borel subset E>y^ of C^z) 


such that, for every 


<T* -measurable subset 


B 


YV 


of 


C 
B y-v. 


(I) 11) 11 rL^c<’<::) = o 

■K CAy.') 

where for all / t F 3 , P:,. CA’^ = ? Q-iT' CA^). ^ known 

theorem (cf. [7], p.i), one can easily show that, for every f^-measurable 


3 


YV 


of 


C C6^), 


subset 
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( 2 ) 

Let 

such that, for all 
Define 


y Wf. pca^:> = o 

A'rv 

^ There is a unique set-theoretic atom o( of 

« 

' SL. 

3 measurable from C F 3 nBn^ 




to 


C C— 'V), «xi') , CTS ) • 


For aJJ ^ ACA-n) 

■b 

^ where the supremum ranges over all possible (^-measurable 
finite partitions ^ ^ *^0 • Using the fact thatt any 

bounded positive measure defined on Bor el subsets of a Borel subset of fOtlJ is 
perfect, one can easily show that, there exists a Borel subset fyv of 

3 t B rv") such that, f /^a. —• f' c Ptv)^ tl edit :)=0 

f CAt.-) 


Using this and a known fact (cf.[7], p.4), one can easily show that, for every 


Borel subset 


of Pt^ ^ 


(3) 


J lly^Cx, II 

t 

By (3), for every Borel subset P^i Pt' ^ 

J 11^6'’ f cK ?) II t C4-0 i■ ”• 




C. 

o :> 


Pn “ U Prv property that, Pe ^ ^ «» (\> CZ ^ f-^3.) 

>1= I ^ 

and further, for every Borel subset ^ of ^ 

''Only if. This part is a trivial consequence of a known result (cf,[2]). 
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ON GAMMA-FUNCTIONS AND SUM OF INDEPFNDENT RANDOM VARIABLES 
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INDIA 


1. ABSTRACT AND INTRODUCTION 

If p be two real numbers such that^ > 0, several properties of the 

function I («^+i can be studied. In this paper, we have first of all 

obtained an approximate expression of | ^ when is large. 

We have then obtained a result which has bearing on summability of independent 
random variables. 


2 . 


AN APPROXIMATE EXPRESSION OF GAMMA FUNCTIONS OF A COMPLEX VARIABLE. 


THEOREM 1. Let 


'V', P> 


be real numbers such that. 




e CS', ) . Then 1 I C°( \ >0 snd, 

I I 1 - t *“3*. v/TFT +x Cc<'-x ^ 

(■N' +«<’■)'- I ~ 

^ +« Cc<-0'^ H-2 { J-F ^3^2^) 

Proof. (1) Let n be an integer which is ^ l3\^\ +s 


t t C**', cV-t-lj o^+-Z, - 
.-1 


Let 2f — Hh 


Let 

( 1 . 1 ) 

Then, 


r ^ Cz-hi) -' - - C^-f 


=2*2.^ t-e('-V' +■«< +-VV^ 

-V t) C 


Z» 'I— 

(«<+'>'->■ i - -F* P 

[_ 4.(3^ 


i'Co<-bYv.} ■" 
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.L. r. ■4.o-'V>.v.4..-^Ua C»fVp^) 

+ z'xdt-^-n:)iu,^L, + —«■ 

X — I 


a- 2 . 


Since o^’f ('3. ■) j for all t-^S-■«., I+Z C*<+'"-fc)-cC<<+'‘-fc^-l-P 


and so I 

( 1 . 2 ) 


5, c**". - s^of, +- p, >v) , 


where* 


(1.4) SzC -(,= a'i 




-I ^ r ' + S LCe<-4-*n-t^ 

a X ^v-oi-v) [ (ii 

t I 




14- 2.C*< 


-4-^^ 


tl 


('><'. P, 


where. 


(2 


.5) s^('^,p.^)=i:‘x_ct-<<->v:)LJ; 


6 


1 ^’' /i + iO>< + ’^ 




f.)‘l 


Using C.R.inequality (cf. [ 6 ], p>155), one can show that, 

I, » ^ C"<+-tt-f)0+zwx2i^ir ^1 

(1.6) \ s^Kp.-^\ - 6 ^ 




5' 


-V r 4 w+vv -t:) C'+S' (■< ^ r (<+n- »- 2-1 3 






^ c ' J ^ - 4) 

of- ^ 


“I 


Using (I.^)* one can show that, 

(1.7) S 3 C 4 , j^-n) = S^CK, p,>V) ^ SjC*^, p.'»v) -t CV. p, '»0 j where. 
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( 1 . 8 ) 


M * I 

I ^ _ ■>--- 

» i- ——- ^ Ri.‘\'' 

t^i i “^r J 




•<'+“»' 


-t 


t*l 




(1.9) 


SsC^ 5 'Tv') r-l-X ^ 


Ve have that 


®<3 

fj.jo) 


-I a;-3 ^ ;c 


= «" C«<’-0"*+ 


Xj-l 


f2; Let X€ Co,j<-t», a.}. Define ^jC«)rx' C 
Observe by differentiation that, is a nondecreasing function in Co,‘^ipQ 

and is a nonincreasing function in inhere if J r oj^ -| 

and if j-Z, z. yfJ , Let 

( 2 . 1 ) 

t V + lj, • - “ " 'V‘T\-0 


Suppose -<\pi . Let K be the largest nonnegative integer such that* 

We • have that* 

•k*'n-i _ -I 


o< ^ 


o< 2 . 

(2.2) J a: Cx 


•<-\ 


f-fd.+s 


4 -21 4. ‘O 

t € CS •< +', . - - . of +ir>-i') 

i X (x‘4-f^) «Ax + 2_ f| (■‘< ■+ i at iX +p ) ct* 

*< K+i} «<-+K4-l 




Also j 
(2.3) 


oC 4-1™-* 


; -1 n r 

i X fX + P*-) =i |_ ^ 


O. 

^ei< -V 




t1 


Using (2.2) and (2.3) and the fact that, for all X € 


^ c -»■ (’’’■) 


-I 


*& X 


-I 


one can easily show that, 'if 


C2.4; 
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^ ^ + A. IFTf^ 

<>< o^-V ^ +-P 

Suppose now, — “^ • Then, 


I 0 / + 2 . 
t»(^\ 


(2,5) 


},tf) 

t e C‘<,-■-■ «< + '»'-i'5 

p £«<'->• 


5 




Jx 


i ir + t-’. 


2 - . Ok"^ 


«>(•*-p 


Also in the case 1 pl — 



V-*-"rv 


X 


F 


ct* 


X 


t/sing (' 2 . 4 ;, ^ 2 . 5 ; and (2,6), one can show that, 
(2,7) 


Z --i 

fc (- - •<''■‘’^"0 


e can snov tnai, 

u + *-3 

^»- .i>-+p»- I «< ^•- 


*<4-X 
o< -I 


Proceeding in a very similar fashion, one can show that, if ^ <1 yfS ^ 

\ t < or'-JH, . * . oC + Yi-i^ o< 


a< t-A-l 

s 

o< 




^ Sz. - 4 - 5 whereas if V3lp\*®^> 

^ ;r o<-i ^ 

/ +P ) -J =<^ C* +r -» ' fc«cv,w^+.^ . --«<^--"-0 

^ c<^ + J C-:^+ «** 

o< 


Using the above equations and the fact that. 


-X I 

j (:x 


-II r C"*■*■’'*')■*■ P*” 1 p^ r 
--^ \Y—;^r^pr-\-z L 


J 


5- L p^'+e^ 




- - 

■+(o<+'n-0 J 


cfne can easily show that. 
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(2.8\ S. 


6 


I 




P (M'f‘’t^~^‘ 


p)] 


<: — + ••3 

^ o< 


tj* + 3L 
'e. o<-l 


We have Chat (cf. C2jt p.J78 and [hD, 

( 2 . 9 ) fc5Ti^ = li-m-lt 


'TlI 

•wvv^ ^ _ 


. ^ Z-*-^ 


andf 

{. -v rtca '»ii -1^3 

n.jo; ^ 

•n ->oQ 

-K ^ C'.2.,'3/ -O 




Using equations (l,2)t (1*3)* (1.4)t (1.5)f (l,6)t (1.7)t (l,8)f (1,9)* (1,10)* 
(2.1)* (2.7)* (2.8)* (2.9) and (2.10)* one can easily get at the theorem. 

C j 1 H- 

(m. 

t’TT ’ ml 


COROLLARY 1. 


limit 

Maximum 




and <^>0 


Proof. If S e Co, »■) 

5-^ ^ Ct + S3 ^ S • 

o( >0 be sufficiently large and 


be sufficiently close to 0 * then 
Using this* one can show that, if 


m + ± 

o< ^ 


be sufficiently close 


to 0* 




is sufficiently close to 0. Let 

Z. ^ ^ 


t -) *<-1 ^ oi-\J oC 


a5 


gets sufficiently close to 0. Now using theorem 1* Coiollary 1 

c< 

can be proved very easily. 
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3. REMARKS ON COMPLEX SEOVENCES AND SVM OF INDEPENDENT FUNCTIONS, 

THEOREM 2. Let denote the set of all complex nvmbersf Let be a connected 

subset of Q, containing at least two distinct points . Let jr'. C|C* 
be a continuous function i.e. for all , 

€ C| o.vmC ^ yC 

We assume that* there exists a countable subset N of such that* for all 

"X € C. — K b - xS^ C ^ - 0 . 

TTien there is a complex number o( such that* for all yc t ffyc') = 


Proof. Let dL 6 C^, Let b element of Cj such that 

Then and fc» can he joined by a finite sequence of striM-jIvt lines C2 

end to end^each of which is either parallel to the X-axis of the Y-axis (cf .[2]tp.l5) • 

Let distinct elements of such that, 

for all t € <<,3 Cf<3 = Minimum x Maximum 


Ckr -V-t-Px ^ ^ , Suppose for all — 

IX C:r • 3 ') I where, U and \> are real-valued functions. 


There is a countable subset 
such that, for all 


^ e S, 


of 


t*^3. *<1 ) 




LU.4:x+f,,g)-U.C*,3)l = 0 = k-r^ t U C<+-t,3) - 




4 v -^04 


Using this and a known theorem (cf. [4], p. 42), one can easily show that, for all 

= :f(y,+ipO . Similarly if if ('<' + " p3^ 

be two distinct elements of Cj such that, for all t € L Pef, Pff 3 

( = Minimum Ps - Maximum { Px. )/«<+*^3 ‘> 

then for all 

C/sing these facts a finite number of times, we get at theorem 2. 

The following known theorem (cf.[2], p. 37) follows from theorem 2. 

Let be a nonempty open connected subset of C, the set of complex numbers and let 

^ . Cj -> Gr be a continuous function such that, for all 2 ^ C, ^ the 

first derivative of :f at 2 is 0. Then f is constant on C, . 
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THEOREM 3. Let 

p>~ ^ ^ ^ c ^ 


numbers such that, 


f such that, 

Let ...-■) he a sequence of real numbers. 

if and only if for everyseqaence C 


€>0 ^ (Q 

2 L 1 <<^3 

-n =1 


X^TrA S VA^ 


K 

X. 

■yt *»l 



■< ^ 


of real 


4 • C I I 

Proof. "MjIJI"- Suppose ^ \^A ^ . Let • - -J 


he a sequence of real numbers such that, 2 - • 

^ nn t 

By a icnoi*n result (cf. [7], p. 56), for every integer v.:^\ , 


<5^ 




1 . ft-ntyv 

1^=1 


'If; 

Let 

Let 



Cr = Set of all subsets of -CL 

be a probability-measure on (il»cr) such that, for every integer n ^ 1 

Let t ^ CS -xa? , Define 

i-- ^ j) is a cf^measurable 


A C ^ 


For aJJ 


function such that, A 

, define lU lit = L 11 ^ 

Then X r U(-vv:)\ Z <% ) < 

« -n--i 

\ 


t 


Let 

Then 


J- € L Q C-n., (T, . 

Xc*vyN S 

->00 


'**’ \ £ aw sT" 

► I <nsi 




K 


For every integer K ^ 1, define ^ ^ 

For each f € L<% (:-n.,ar 

By the uniform boundedness theorem (cf.[8], p. 239). there exists Tefo.ao) such that 


k 


Y» 

■WV SxaP 

K 


I Ak 




sup 

end 


2 . awaT 9f-n')2 

'n*! 


H 

r 


^ T 


This shows that, for all K 6 (s 2 .^. 
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[ l \»-r=r --1 1 1'"'']'' ^ 

L Ti'Sl 


Thus 


X. \av.1 < cK) 


yx-e-i 


COROLLARY 2. Let 




6 ^ € f^oo*) 


be such that* 


_ I Let {‘a., ... -3 f*® ® sequence of nonnegative real numbers 

such that, for every nonnegative sequence 11 ,, b numbers 


such that* 


o<J 

TX-I 

b>v <• '=^ 


'n.c \ 


od T 

Then, «vw 

■n=l 


Proof Let 


X 6 


(;_o<», -c") . Define X^s S«.f-{.X.o}, * - 


Let . 


be a sequence of real numbers such that* 


21 1 kvv\^ < each ^ 0 , 1 , ** O, ^ 

II i 64 / I +“ 'N^ / a.'vxX Sc SL. b"!! ^ ^ 

(tTxPri *f (V)^ ) ^ ^ 




So, \ 0,w t -rvl sX. ^wCbyv “V b-rw ) ^ * 

'n*\ ' 

So, L^v^Svsp \ <“«S . So by theorem 3. the 

corollary holds* 

It is known that^f.t81,f-9^>'f{*tf‘i.,' - 

every nonnegative sequence -tk., b;,,- 3 of real numbers such that. 


2 . J 

0 X^=1 


X a.>xbyv < 

y\-l 

2 - 

y^z^ 


then we have that* 


Clearly this result follows from corollary 2 

The following theorem is known (cf, [1]* p. 302). 

LEMMA 2. Let (E^FfP) he a probability-space. Suppose " 5 

is a sequence of mutually independent F-measurable real-valued functions and 

CoCe,,^,Vi,. ^CZC0,'=«') is such that, variance(X,v) 


t: 


for all 




\X.^\ < «.S. CPj 
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and 




as 


•n •<k f where, for all 


a* 


n = If 2f••^ • 




- T X Variance 


■ 


Then for all X ^ 

X .2. 


Lnat P(- 6 E : (.X Xj ^ i ^ 


"Vt oo 


k'e nou' state our next theorem. 


THEOREM 4. Let (E,F$P) be a probability-space. Suppose • - * *) 

sequence of mutually independent real-valued F-measurable functions such that, for 
each integer n ^ J, has Zero mean and finite variance cr^ . We assume that, 

there exists k ( (o,-o) such that, for all n ^ 1. 2, .. 

Cif. R.S.tP3 

Then the following statements are all equivalent : 


( 1 ) 


( 2 ) 


Ic-ynSvAP r F C € E X Xj ^ ^ ^ 

:x:->oo 


-I 


eo 


JiL Variance 


and there exists a F-measurable 

> 

y\ 


-» r 1 V 

, . . . cfi/-h that ? Z.X: nii ^2 •--} converges (X.S.lpJ toi 

real-valued random variable f sucn tnat, l*,J ^ 

4 ”• 


(3) 


JL 


'TV 


'voSw^ JEl Xj 
'H -^oio j “ I 


a<| 


a. S tPj 


Proof. (1) Suppose equation (1) in the statement of theorem 4 holds. For each Mi 0,1;-), 


cfenote 


( 1 . 1 ) 


oTtv = .2 . cr 
4J 


Jt^e shall nov show that. 


71 


To prove this, one can assume that, 

I • V“ 

Suppose if possible, 


>0 


CP - 


for all n = 1,2, ...• . 
Choose X ^ 


and 


ri. 2 ; 


Choose 


such that. 


-t 


S ^ 

JLw,s>.P rc^e E ; .X X. (v>) ^ >x' + 

_4^t 


7\ «0 

t ^ (O, 


and 


) such that. 
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J «.xf cl*' 4 i 


(1.3) 


and, 

(UA) for all 


7X € 


... O 


<r-,U ■* 


i t 


Then for every integer n ^ Ivq , 


r(-€E' 


0 


. cr,;' ,1 it ;) 


fj.s; 


^ P (u>€E j'H "J ^ 

IL^svxp r cw 6 E;fxj i 3^:) 2-’ + :f 

-rt «*o i 


and so* 


ms contradicts aguatlon ^.2) and this equation (1.1) holds. By a kno<^ martingale 
convergence theorem (cf.[7], p.l37), equation f2; in the statement of theorem 3 holds. 

(2) Equation r2; in the statement of theorem 4 trivially Implies equation f3; in the 
statement of theorem 4. Suppose no^. equation ^3) in the statement of th^eorem 4 holds. 

H C F 


Let 


It ^ 

be such that, PW = J and for all W £ *4 •. 


Then for all Lj 6 > 

for each 7 v € (t, 2 -, • 


there is an integer |c (u>*> ^ 1 

o, ,2 .X|Cvj:) 1: . 


such that* 


Using this, one can easily show that, there is an integer K ^ 1 such that, 

3 

? (y^B for all -n-.l, 1 ,- 0 > T 

J -I 

One can easily show that, equation (1) in the statement of theorem 4 holds. 

Theorem 5 which is being stated below follows from theorem 4. 

THEOREM 5. Let (E.F.P) be a probability space. Suppose * 1 

sequence of mutually Independent real-valued F-meesurable functions such that, for each 

X 

P.25j. Then following statements are all equivalent: 

(1) jL^ s^f [ PCw e E•• .1 Xj (W? < 

(' 2 ) there exists a f.^easurable function Y t ^ 


integer n ^ J has Zero mean and 1 X'w\ € L, (cf.[3], 


/ 5 X- 'n - t a-1 converges a. 5. L P3 

V * ■ 


to 


Y 
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(3) 


-V-rv\ ^ Xt ^ Cl.5.L?*3 

ir\ •* 


Proof. (1) Suppose equation (1) in the statement of theorem 4 holds. Let 

rpf- k 4 to ^o") t>e such that, 5uf ] XTa.\-<’ K c^. S. L'f^3 • 

OX-^oiO 

By Borel-Cantelli lema (cf. [7], p.l6), there exists M « F such that P(N) = 1 
and for all o € , jXj (vJ)| j f°r all sufficiently large integral 

value of j . Using this and the hypothesis of the theorem, one can easily show Chat, 
there exists A £ F such that l-S f>^rther the 

following conditions hold simultaneously : 

(1.1) there exists an Integer m 1 such that, for each integer n m and for all UJCA^ 

where for each n = 1,2$ .. 
and for every A ^ 

(1.2) there exists 
and for all i - 1$ 

By ( [6]$ P.151) and the proof of theorem 3.1 in ([5]$ p.55)$ 


' A -n, k 

1 . denotes indicator function of theset 

T C such that, for all 

\Xj ^ T 


A 

tj c A 


(1.3) 

X ^ 

t - 

Since mean of each 

’<rv 


OO 1 

(1.4) 


y\s,\ • 


v.,vc 

is 


by equation (1.3), 


S I i X^tip \ 

y\zX \ 


By the hypothesis of the theorem and equations (1.1), (1-2) and (1.4), 
we get that, there exists X ^ such that, 

(1.5) JUtynSv^P f E : 1.. E ^A: ~ ' 

■n-yc.4 J=» 

By theorem 3 and by equations (1.3), (l.i) and monotone convergence theorem (cf. [7 ] ,p .39)^ 


equation (2) in the statement of theorem 4 holds. 

(2) IK«. fact that equation (2) in the statement of theorem 4 implies equation (3) in 
the statement of theorem 4 is trivial. The proof of the fact that, equation (3) in 
the statement of theorem 4 implies equation (1) in the statement of theorem 4 uses an 
argument that has already been made (cf. proof of theorem 3). 
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Equivalence of equations (2) and (3) in the statement of theorem 3 


is known (cf, [7]i p.ldO)^ 

The following result emerges from theorem 4. 

COROLLARY 3, Let (EfF,P) be a probability space. Suppose * O 

a sequence of mutually independent real-valued F-measurable functions such that, there 

are real numbers K ^ Co, <><J 'm < 6“ 


has mean w, for each 


'n 4 (1,2^ 




-I 

2 


Variance 


. 5, (P) and 


ort-r I 


\X-n\ ^ C f 

J 2 ^ 

Variance ^ • 




= 0 


TTjen for any two real numbers d and b such that it ^ k, 

•n , 's. 

? B * £ JX» (u:> b for all J 

^ * ir, 4 

Proof. Suppose if possible, there are real numbers ^ and b such that, <x ^ b 


and. 


( 1 ) 

where, 

( 2 ) 


P ^A*) >0 


A = E ; ^ ^ ^t> for all n 1^ 

-►0 


nrv 


ets 


For all W t A> Xj 0 cc5 TX ^ . By the strong 

la^ of large numbers (cf.[r], P. IW. jf, - ‘I converges 

^ t P3 to 0 and hence, m - 0. Since CA 3 >0 y 

•VN. 

.X Xj <o<5 a.5.cP3 and consequently, by theorem 4, 

^ -Vi ->• oo i ' ' 

JVariance C -< ‘Xl . Thus, P (A) = 0. 

Jmmrnm 

riii 

The following known result (Cf.[10]) emerges as a corollary to 

corollary 3. 

COROLLARY 4. Let (E,F,P) be a probability space. Suppose ^X,, is 

sequence of mutually independent ^ identically distributed real-valued F-measurable 
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functions such thatt P ^ E \ Xi :p o') 

any tvo real numbers £k and b such thatt ^ L, 

Piio£E; «.•£ ^X7iu»:)-£b,f<rf oM. -n ^ i) = O 

j =» 


Then for 


Proof. Suppose if possiblet there are real numbers and b such that, CL < b and 

P fu e E x.fo:) ^ ^ ^ 0 ^° • 

^ j=» -* 

Let A=ft)e£ •. ft. k, for ail n ^ j) .TtA5>0. 

V. J“I J 

There is a real number K ^ ) such thatt 

p fu 6 E; 0 < jx, ^ and, A c. ^ e • IXj ^ 


for each integer 
( 2 ) 


j » 1 . Then 

? CB) >0 





and for all J ; l,Zj - • - - 


("4; 


6; = LW « E • 3 

J 


Let y. (w0')::X-f‘O> 1-. t«-J) , for all 

^ ^ n 

t/je same mean m and variance QT . OT U 

corollary 3» corollary 4 follows. 


Each 'tj has 
By 
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A PROBABILISTIC APPROACH TO STONE-WEIERSTRASS APPROXIMATION THEOREM 

BY 

S. GHOSH 

Department of Statistics, Presidency College, Calcutta-700 073 

INDIA 


1, ABSTRACT AND INTRODUCTION , 


Let ^ compact HausJorff topological space, let 

^ ^ IS 3 continuous function*^ , Stone-h'eierstrass approximation 
theorem gives a sufficient condition under which a closed vector subspace of 

a P') is equal to cc-n., r;) .In this paper^using a probabilisti 


approach, we have generalised the above theorem by taking instead of an element 
of C ^ continuous function f • where V 

is a topological vector-space. Our results seem to be new. 


2. DEFINITIONS : NOTATIONS : TERMINOLOGIES : 


Throughout our subsequent discussions, (■n-.'Tc;) will denote an arbitrary 
topological space. Denote 


(2.1) {i s f*. XI ^ 3 ^ continuous function 

such that, I , 

a: 6X1. 


( 2 . 2 ) 


5'v^f 1-f \ • 

•x CSI. 


n. —^ 



is a function such that. 


(2.3) N = (o, (, - ' 1 , P-= 4 = empty set 

Let M be a nonempty subset of An element f C R) 


is called a M-finite-dimensional trigonometric polynomial, if there exists a 
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nonempty finite subset CK - ■ ’O of M 


tbatt for each there is a real number 


and an integer K ^ 1 such 

and a sequence 

CZ. H such that, for all OC ^ -TX ^ 

('2.4; f X. ^ J 

3 = 1 = l ^ -tn*! ** 

A function f ^ M|(-i2., R) is called ^jCX )- trigonometrically 

approximable, if for each St there is an element 

which is a JV^ -finite-dimensional trigonometric polynomial and which is such 

“^S ^ Let << be an ordinal 

number such that ^ ^ ^l. Let A be a nonempty sete Define 


(2 


.5) = C *. p ordinal $ p < I 


each ’Xa t 




Suppose 45 “4^ A CT . A function j- * A C** will 

be called a A -semi-finite dimensional trigonometric polynomial, if there are 
strictly positive integers K,t and sequences . - - . (r*0 

Chy ) C ^ ordinal . p < .< ) such that, for aJJ j .1^ . - v 

there is a sequence . > CZ M such that, for all 

’• P ordinal and p < <»<') ^ A , 


r2.6; 

K 




p * P ordinal and p*o<) = 

r CoS C ^ 4- 'SCyv ^ T o^T "N 1 


“f . A C Qno ) be a function, is said to be 

,r,„.r,..ny o, A , „ ,o, X, , ..^3, „ . 

A -semi-finite-dimensional trigonometric polynomial 9^ JT • AC-®o 
such that, for all XeA, U f’‘> “ 3f 1 -4 S , Let ff- 

denote Borel -cT^algebrn on CP) relativised to A . Let m ; tT-^ 
be a sigma-finite measure. Let ? € 3 ^ ip tJJ'm]) 

(cf. [2], p.25) . :f is said to be ^ j > 3 3 ‘"^^^Sonometrically approx: 
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mable$ if for each S € there is a 

trigonometric polynomial 'kg g *. 


^ -semi-finite-dimensional 


such that* 


;|k«> -1„ x') ^ S 


Let E be a nonempty subset of . E is called an 

algebra if ^,6 6, 3^^ ^ always implies that , ^ is 

called a semi-algebra if given strictly positive integers K, tr ^ a finite 
sequence Cd\, ' * *. ^ ^ ^ ^ 


Cl CR) 


the function 


i 


and sequences K,- - 

and C”0,,- - ’ j = I, - ■ • O Cr 

defined by ^ 


J = 1 

/or all -X. 6 -H. ^ has the property that* f € E . E is said to 

separate points of -TL. , if given distinct elements X and Jf ilL ^ 

there exists an element of B such that, ^Xf'g ^ * 

Let \/ be a topological vector space whose ilero element is denoted 

by 0. Let fl -TLV be a function. f is called continuous^if for 
each open subset y of \/ ^ ^ J ‘ -H. C- 

be a function. Let C'^ij - - - • ) be a sequence of distinct 

strictly positive real numbers, f is called a Ci , ClV. ,T»X . . . y) - 
polynomial, if there is a strictly positive integer \C. and * ^jc^CI V 

such that, \/ "X ^ rh , 

/CxT) - "t" K 2- C3 C5>c.')) 

j ^ I 

is called a C3 >v ) -cosine-polynomial if there is an integer K ^ 1 and 


A f unction a»v 


Co-O 


■ V such that, for all X e-TL 


fi C'X.") r CL^ +^51 CdSfJ . / is said to be uniformly 

approximable by J , if given any open subset V| of V' such that, 0 6 l/| 
and a sequence C'^t ^ ‘*^2-'^ .... - ) CH such that, 



56 


j*?”, r ^ there is a , C-H,• - 0,V)- 

polynomial A snd a Cs y ') -cosine-polynomial such that f for all Z^H,^ 

all the four elements 

and ^K, C*)- -fC*?) are elements of . let o< be an ordinal 1,1 




be an ordinal >yl. 


tet + #X> O CP-")' , Let ^ \ , a(, o “ 

[A : Asl>n C jJ: p o-r<»VT«J., o< ) 3 where there is a finite 

sequence . CC ( ^ 1p ordinal, /*<€<) such that, if 

^ be an ordinal ( ^ ^ Ap=R, if P ^ CP,, - - • • 

whereas if isan open subset of ^. 

We shall denote ^ 


+ #X> O CP-") . 


where there is a finite 


(2.7) 

elements of 


V,T> 


• A expressible as union of some of the 


Si . 


T> • 


We observe that 'X, 




3. THE MAIN RESULTS . 


is a topology on D, 


Of 

THEOREM 1. Let be an ordinal ^ I. Let ^ C*-^, ^ 

0“ denote Borel-cr^algebra on ^ let (f ^ [[0 i 




be a 


sigma-finite-measure. Let D be a nonempty compact subset of such thatr 


V cz . 


T € l\, 


Ac Lf C”*",, tr, 


be such that, A C X « of i -AC*)=^o)=0 . Let f •. t>-» C- 

be a continuous function* let LpCof,, a-, yu) (cf.[2]* p.25). Then* 

(1.1) jr is trigonometrically approximable on D 

(1.2) :fj is (T fCT > yA ) -trigonometrically approximable. 

Proof. (1) Let CL denote the class of all continuous functions defined on D. For 


( 1 . 1 ) 

( 1 ^ 2 ) 


is trigonometrically approximable on D 


f e C ^ define If Ip = 5Up |fc*p|. Let 

”!> 


(1.1) Tj— •d^ is trigonometrically approximable on ^ 

(1.2) ^ Lp(Wi>(r' f yU ^ \ f’ is > 3 ) -trigonometrically 

approximable ^ 

T, is a closed linear subspace of C ^ 


For each 




S7 


is a closed linear subspace of LpCV,^ /<) . We shall first of all show that. 


(1.3) 


T = C 


K 6 C ',2, ' 


Let 


.. . d hi, ; ^ ordinal, 

X = ’• P ordinal, p<«-) ^ oc'j Define 


(1.4) 


f,,... Pn') 


C*:> = Ces C 2 «li 

_ J 




(1.5) Ilf. 


- - - <x,t 


>P.,- -Pk; jt. rj ^ 


-^ 


Define 


( 1 . 6 ) 


j 

PS, j=V,.--K) 


= exp T ^ X ^J| ^/9. + ^ X S: 

j=l >> j"| 


■^^pj 1 , 


where ^ 


f2; Suppose if possible, T, C . Then there exists f € C such 

that, f + t; . Using some properties of trigonometric funct^ions and some known 
theorems (cf. [3], p.247,249, [5], p.42,49 and [6], p. 229), one can easily show 
that, there exists a measure ; <ro D * 


but, for each 


(^•1) ^5* — [ but, for each K 

C.M ,C^ -.^K^‘=CP p ordinal, P 

I ^ ^C. c, « B B + 

I t> ‘‘.‘'■j P,, • - ' 

I f ^ C*) (<*■1^') - o 


K 6 Cl, 


1 -<='-Vt, Pij • - ■ Ptd ') 


A e o~. 


f A) = Sup £>>, C6>-. Sd A, 


■= '. bca ,Beo-] . From (2.1) and a known result 


(cf.[4], p.105), 


( 2 . 2 ) 


ct>^ = /i;cT>:) = A fSay) 
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^ because if A = 0* (2,1) get contradicted. Using (2.1)* (2,2) 
and some known properties of trigonometric functions* one can easily show that* for 

each jc € (1.2 . )* for each sequence 

and for each ^ , . - - . M '=-Cf •. P ordinal, p < o< 


(2.3) 


f. ft j CA->c^ 


P t3, ^ a = \> • - ‘ K) 

By a known theorem (cf,[l]f p.lOl), for each tfi," 

ordinal ^ P <.(>< ) for each Borel Subset B of the 2K-dimensional 

Eucledian-space p 

(2,4) ^ O^p ‘‘ P ordinal, P < »< ) ^ ^ t 

CaSX^^ ^ 5i:n.^p ^ CCS ^ ^ B ^ 

“ ^ C *. P , P <. ^ 1> ; 

C oS y S'^'n .... CoS ^ p ^ si-n ^ ^ 

4 

Using this one can easily show that, for each Borel subset • fC*' (C^p ■ P 
ordinal ^ P < «>< ^ *. 


(CoS X, y St-n, ; p ordinal , p < 'xj) ^ ® ^ 


-^r = (! (^p ; P ordinal, ^ ^ <x') • 

ordinal, P<ck:) ^ b' ^ , Define a function B*. t>' 

as follows : Let ^ P ordinal , p <. o< D € D, 


P 


CR? 

TTien 


® C^P ‘P ordinal — (^Cos ^ S'i-Tv *. P ordinal, P <‘<^ 


If A ^ ('2*7^ in section 2), Q<^ t> % A3 

is expressible as T> O _> where (JL 6 ' Using some 

known theorems (cf, [6], p.lll and 131) and the fact that^ 8 


is an one-to-one 
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continuous functiont one can show that, for every Borel subset ^ of 


is a Borel subset of (R) 
can show that, for every 
equation (2.1) and thus 


Using this and some of the facts stated earlier, one 


B e <rni>, 
T, = C . 


) = o 


This contradicts 


(3) We shall now prove that, 

(3.1) Lp CT-, 


rl 


Suppose if possible equation (3.1) is false. Let be such that, T + | ^ 

where if P = 1, (S^ should be interpreted to be ^ the proof of theorem 

3.2 in ([2J, p.25) and some properties of the trigonometric functions, one can 
easily show that, there exists €■ L p , CT, S’^ such that 

(3.2) J ^ every integer K 1, for every 

oCj 

sequence .... C , ^or every - ^ d P ' P 

ordinal ^ )^and for every integer 6 -£ i , 2-3 (cf .equations (1.4)' 

and (1.5)) j i cj,«L, . . . o.^ p . . . \ ^ k -O 

Using equation (3.2) and a slight modification of the argument thathas already been 
used, one can show that. 


(3.3) 


.mC : S C ^ c>) = o 


Using (3.3) and the hypothesis of the theorem, one can show that, 

and this proves theorem 1. 

Theorem 1 generalises the known result (cf. [5], p.34) that, if 
f: ^-(T, n)^ C-oo*) be a Borel-measurable square integrable (with 

respect to Lebesgue-measure) function, then there is an integer n 1 and sequences 


^ * " ' * -n j a. I, 


‘an 






i.Tr\ 


an 


such that. 


. > I .> n ) CZZ R.') 



60 


THEOREM 2. Let 


M3C-fX,R.) - - f '. Co, i'] 


IS a 


function . Suppose o< is an ordinal >^l and suppose ^ f p \ ^ Ordinal f 

r •< o< ^ cn is such that^the function §: Sl-^ CfO 

defined by ^ 3 - C -fp *• P ordinal , P ^ 

for all Tc n, has 'the properties that* 3 is one-to-one* 

is a compact subset of (R^, and further^ the function ^ is an open mapping^in the 
sense that* for each ('cf. equation (2.7) in section 2^ 

Then each JS ^JOL jK >M ^ — trigonometrically approximable. Further 

if ordinal number of to,i,' 3 > there is an one-to-one continuous 

function 3; such that* given any topological vector space V and a 


continuous function 


4'; 


is uniformly approximable by A 


Proof. (1) For each 5C € 3 let J''Cac) denote the unique 3 ^-X 

such that, jc^:) = X. Let f € MjC-TZ, R*) . For each 3C « 3 f-aj, 

define f'c*D = fff’Coes'). Using the hypothesis of the theorem* one can show 
that ^ j.': ^C-ny^C- oo, oa) is a continuous function. By theorem 1* :f 

is trigonometrically approximable on ac-a-). Using this* one can easily show that* 


(2) let 

( 2 . 1 ) 


IS 


(O 


Ca M ) — trigonometrically approximable. 


= ordinal number of ^0*1*2* . ^ 


Suppose o< U . consider the case , •< . There is an integer ft 

such that o< •=. For every integer m > n* define ~ > 

for all oc e SX, . Using this modification, one can easily assume without loss 
of generality that, * tJ, Let * *' dH. C 


Let J e Cl,X,- 'S Write - X £ »CJ,r>) , 

^ on«! 


where 

’ j “ ~ - f f 

on «I 

each "J fJ, >>) € {^ 7 ^ > there does not exist an integer n >y 1 such 

« 

that, for each integer m n, 3 ^■>»,■) « \ lef- 

3L X 3L * 3L 

■+tt >(',3) + • - - 
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u 

(•/-. N -1^1 CCo.O^ 

Suppose C^JI, ^J2., - ' - I * -> 


and further 1 


Z £ -■3k\ 

K*| •* ' 




Then 


^'C*j,,-*ji.,--O-» • - - O ^->^3 . "=>'))-^ Co,0 

is an one-to-one continuous function. For all >: , define 

(2.3) c^:> = S'c^i C3C^'>)+0 


define 


Define 


■■fi/'^)c:do,0 and furtherf is a compact subset of the real line. 

One can easily show that, for every set A 6 "Ai t A"^ = A^O 

where /A is an open subset of R. Let / ^ L-^ . Let %. ^ 

Let * (!'^) denote the unique such that, ^,(3)= X. 

Define 3 1 C^ (r » okj^ is a continuous 

function. By theorem 1, is trigonometrically approximable on "A, . 

Both $Cy\ X. and CLoSyC. admit of power series expansions. Let S ^ 

Using these facts, one can show that, there is an integer n 1 and a sequence 


t <=>■ a, s:), 


cm oo, oQ^ 


such that. 


(2.4) \ CoC) - S) - X aCJ , 5!) ^ 




J -i 


Let S 


Let X £ {v^(JX) , Suppose X zjpO 

K C*) ^ Cl,2., ■ '■ O sucft that, for each integer W-^KICx) 


X z|p o 


There exists 


i^y -^ 0 ] 


Thus for each integer > 1 . ^ M CxD, (•rLS^v^(^^^ ^ ^ | ^ 

This is true even when *X = 0. By first mean value theorem of differential calculus 
for every pair of real numbers X and ^ and for all ^ 0 » ^ ‘ ‘ 

j 'VtSvvv ) ’— XvSxvx (# 1 • So given -x. ^ ^ there 

exists ^^ such that, whenever 
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I ^ I >\, Svvv _ Yx. S v-a ^ -+ >\ Svw ^ ^ 

4 j <; <5, . Using an argument involving Heine-Borel-theorem (cf,[6],p,119), 

one can easily show that. 


(2.5) there is an integer MC<^i) such thatf for each integer 

>n; 5 , and for each g g 

_g| 

Using (2,i) and (2.5)t one can easily shou that, there is an integer t 1 and a 


sequence j (, - 


d- 'y 


( 2 . 6 ) S^p \3,(;x)-a'^o,y)_^<SL'cj,5■) 1 

j«i V 2 . ( 

For all m = It .... t 


such that* 




, sivx 

. •iP*rin -*0 ^ 

series in CosCs. 


is expressible as a power 


~*m- 


is expressible as 

a power series in Sv'nfs. -x). Using these facts* one can easily show that* there 
is an inter k 1 and a sequence =0,1,-K5ci<;-«o,i^) such that, 

(2.7) 5x^p l^,£*)-l>Co,S)-X bf i,S;) CasCJ :cp 1 < S' 

xe»._c-n.) J =1 ' ~ 

(3) Let \/ be a topological vector~space whose Zero elewent is denoted by Lat 

^ V be a continuous function. To show that, f is 

uniformly approximable by i, , we assume without loss of generality that, 
is not a singleton set. Let <1,= Inf £3C •. -X g -(x, C-O.')! , 

aj. - Svxp i X ; X « J,, CJX:)] . 

C. Co,)"), Define Cx) = far C'** ^ ^ X. €■ "fvi cXL 
l^t Y be an arbitrary open subset of V such that, 9 e \/ . LetV, V. Vm 

I 2m^ O ^ M 

be open subsets of V such that, for all J ^ d 6 V* 

following conditions hold (cf. [ X ], p. 29;.* 


and the 


(3.1) 6 V^X 

{3w2) ^ ^ X V 


always implies that* ^ Vj 

aiways implies that. + :rO 6 V 
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(3.3} 


there exists S € such that* whenever 


are and for all AeC-i)0, 

Mf-CnO- f-C-}-)) 6 

Choose a finite sequence of points (^-X^ = < *>^1 <■. < ^vx = 

such thatf for each integer j - 0,1, . n-1, either C'^' ^ x- \ ^ ^ 

^ J -V-1 3 / " 

or ^'^S'^J+0 ^ = 'i’. Let je-(o,,, . . . for all 

define f. ^3 ) = f C^J ) + Cg - Xj ) C ar- ^ ^ f^ ~ f ))^ ^f,ere if 


J < "n- i, 


- C , ^J+,^ > -i.cicaa Ji Oj - U-,,., '-^2. 


whereas i f J - -jn -1 ^ 5j - 




For aJi >3 e both C ^ - f , (-Ji;) and C -f, (3^ - f 

are elements of Ccf. [2], p.29). As in the proof of theorem 3.3 in ( [2],p.29), 

one can show that, there is a sequence C bjj ^ ‘ b -yyj^ d V/ such that, 

(3.4) for all C^i, i] > f i tx) - f C^i) = 5- f S ^Bj bj > 

j = ft L <^| •£ t-e oc 

where for every Borel subset B of J^a,, ftj.3 ^ Ig denotes indicator 

function of the set B. There is a sequence C ^ 0 

such that, whenever real numbers such that, 1 — > 

ol = o,-. - 'n.i, ,x bj € V' . Let -^cz 

I J — o ' 


for all 

«>-0 

r oo . Since C « x 1 CZ (o, \) ^ 

by equation (2.7) and a known theorem (cf. [5], p. 337), there is an integer k ^ 1 
and a sequence <^>vw C^> J)^ {’ ^ ^ 


be such that, 

J I 


such that, for all 


(3.5) 


X ^ Ca , ^ C{ ^ J and for all J ■=. 6 ^ - - - 

^^ t x: *b T 1 I 


vx - \ 


,, ,, I S ft) 4t - ^2.(0, j) - J) cos Lt ± • 

tr-i 


Using equations (3.4), (3.5) and (3.6), one can easily prove the truth of last part of 


theorem 2. 
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Throughout our subsequent discussionsf J denote 

a Hamsdorff compact topological space. , will denote the class of 

real-valued continuous functions defined on . If f'6 C ^ 1. 

^ DCeSTLf 

If f 6 CC-n.',^'), § e- C C-O-'jR"), define ACf ,3)= Sv^p 1 ^ -§ Cx) J . 

X ^ Sl^ 

In our subsequent discussions^ E will denote a nonempty closed vector subspace of 
c c-tl', b.) which contains constant functions and which is a semi-algebra» 

THEOREM 3. Iv'e assume that. 


Then, 


E separates points of S2. 


E - c f-n/, 


Further if 


be a second-countable topological spacej statements 


(l)f (2) and (3) are all equivalent where* 

(3) there is an one-to-one " continuous function 


such that* 


function 


an one-to-one " continuous function g; X2L —> 0 

3 6 H given any topological vector space V ^ continuous 

f 

f : -TL' V, ^ is uniformly approximable by ^ 


Proof, (1) Suppose equation (1) bolds. Let be an ordinal > I such that* 

^ / 

E ^ (:fp P ordinal, p < o( where each € C R) Let 
There exists fCp 6 (.0,0^') such that. Si^f» Kp • 


There exists 


For all 


( 1 - 1 ) 


Kp ^ C^>^) that* ^ Kp * 

X e , define Srp, C-xi) - C 8 + Let 

ordinal p "^*^3 ‘ Eet X tf-TX. . Define 

fCX) ClO ' f Ordinal* P ^ o<") 

< 

with the topology (cf. equation (2.7) in section 2) 


Let OC € SL , 


Let 


Define 


Equi p with the topology . (rS*^ (cf* equation (2,7) in se< 

^ ''S cx-Yv one-to-one continuous function. By some known theorems 

(cf. [6], p.lll and 131)* 


( 1 . 2 ) 


f ) 


is a compact subset of (R) 


and for every 
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open 


subset n of -H- ^ there exists A 6 ^12.*5^ 


such that. 


fCA:> - a' ni 

Using equation (1.2) and theorem 2, one can easily show that,each 
is SI. ^ ^ ^ -trigonometrically approximable and so, E r C, 


(2) Suppose now C > T ^) 


is a\koJJiSdorff 9 compact, second countable topological 


space and statement (2) holds. Since CsTL^r*) is a Ha\^sdorff compact topological 
space, there exists a metric ol on S~L such that, cA. induces the topology X 
nn -TL^ Let ( %^ •ic 'V - - - ^ be a countable dense subset of Sh . For 


^rv') . 


on Si! ^ Let . ') be a countable dense subset of SL . For 

each integer n >^0 and for all X & Si. ^ define cLC'^y ^rO > 

Let C fo f, f . - - - ^ For all 1 >C ^ SL define k C'X.} := 

(^f^Cx.1 f '“"0 ‘t''• one-to-one continuous function. Further^ 

* ^ ^ ’ u3 A . n 

is a compact subset of (R) ^ and for every open subset A of SL. ^ 

there is an open subset A Cp-) such that, /\ r O h (SL) 

By theorem 2, statement 3 in the statement of theorem 3 holds. The fact that, statement 

3 in the statement of theorem 3 implies statement 1 in the statement of theorem 3 is 

trivial • 


The Stone-Weierstrass approximation theorem (cf.fbj, p.l60) states 
that, if E be a nonempty closed vector subspace of which contains 

constant functions, which is an algebra and which seperates points of SLj 

^ Since for every real both Cos tC snd Sin X 

admits of power-series expansions, Stone-Weierstrass approximation theorem follows 


from theorem 3. 
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Abstract : 

The operating system MS-DOS has the following commands for the 
directories- CHDIR(CD), MKDIR(MD), and RMDIR(RD) i.e. there is no 
command in MS-DOS (like RENDIR) which could rename a directory. 
There is a command called RENAME (REN) in MS-DOS, but this command 

renames the first file as a second file. Even though the directory 

name is stored in the directory area on the disk as a file name, 

this directory name cannot be renamed by the RENAME command. If we 

try to rename a directory name by the RENAME command we get an 
error message "Invalid path or file name". I am giving, herewith, a 
program which can act as a command to rename a directory and can be 
a good enhancement to the MS-DOS operating system. 

1.0 Existing Procedure ^ Rename a Directory : 

Directly renaming a directory name is not possible in MS-DOS. The MS-DOS 
manual gives the following procedure to rename a directory which is very 
much error prone. The procedure for renauming a directory as per the manual 
is as under... 

1> Create a new directory. 

2> Copy the files from the old directory to the new directory. 

3> Delete the contents of the old directory. 

4> Remove the old directory. 

The problems with this procedure are as under... 

1> If the root directory area on the disk becomes full then we cannot 
create a new directory on the disk. 

2> Normally for copying the files from the old directory to the new 
directory we use the command copy to the new directory. This process 

duplicates the files which may create a problem of the data area on the 
disk becoming full. 

In this cases we have to stop copying and search the unwanted files which 
could be deleted. 

But the biggest problem is copy *.* does not copy the hidden and system 
files.It can copy the read only files but their attributes become archive 
in the new directory. 

3> If there is a subdirectory within a subdirectory then the copy command 
copies only the subdirectory name and not the files in it. 

4> For deleting the contents of the old directory we normally use del 
which creates a problem if there are hidden/system/read only files 
in the directory because DEL *.* cannot delete these files. 

5> RMDIR does not work unless it is made empty. 

In order to solve the above problems I have developed a program which will 
rename a directory without following the above procedure.The program is 
written in Turbo Pascal 5.0 under MS-DOS 4.0. 
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2.0 Introduction s 


Before we go into the details of renaming a directory it is %iorthwhlle to 
understand as to how the directories are stored on the disk, rather for that 
matter what is the logical structure of a disk. Here we consider 360 KB DSDD 
floppy diskettes. 

Every MS-DOS diskette is divided into four separate areas. These are... 

1> Boot area/Boot sector, 

2> File Allocation Table(FAT), 

3> Directory area/Root, 

4> Data area/Data space. 

Let us now look briefly into these four areas. 

2.1 The Boot Area : 

The Boot area i.e. the boot sector is the 0th sector on the disk and con¬ 
tains two things, namely, Boot parameters and the Disk bootstrap program. 

The purpose of the disk bootstrap program is to load MS-DOS files residing 
on the diskette into the memory. The boot parameters are used by O.S. any 

time a read or write operation is performed on the disk. The boot parameters 
are... 


Description 

Length 

Disk 

Bytes 


Value 

Jump instruction 

3 bytes 

EB 

3C 

90 

EB 3C 90 

System ID 

8 bytes 

4D 

53 

44 4F 53 34 2B 30 

MSDOS4.0 

No.of bytes per sector 

2 bytes 

00 

02 


512 

No.of sectors per cluster 

1 byte 

02 



2 

No.of sectors in reserved area 

2 byte 

01 

00 


1 

No.of copies of FAT 

1 byte 

02 



2 

No.of root directory entries 

2 bytes 

70 

00 


112 

Total no, of sectors 

2 bytes 

DO 

02 


720 

Media descriptor 

1 byte 

FD 



FD 

No.of sectors per FAT 

2 bytes 

02 

00 


2 

No.of sectors per track 

2 bytes 

09 

00 


9 

No.of sides 

2 bytes 

02 

00 


2 

No.of hidden sectors 

2 bytes 

00 

00 

■S 


0 


Of the above parameters, apart from the first 11 bytes rest is called as 

BIOS parameter block (BPB). 

2.2 File Allocation Table i 

The FAT occupies 4 sectors{sectors 1 to 4) on the disk after the boot area. 

The FAT maps the usage of all the disk space in the data space of the disk. 

It contains the information about the space used by each individual file, 

the unused disk space and the space that is unusable due to defects in the 
disk. Since FAT contains vital information, two copies of FAT are stored on 
the disk, just in case one gets destroyed, the other can be used. 

A FAT entry can contain any of the following : 

- Unused cluster 

- Reserved cluster 

- Bad cluster 

- Last cluster in the file 

- Next cluster number in the file 
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There is one entry in the FAT for each cluster in the data area. If the 
value in a FAT entry doesn't mark an unused# reserved or defective cluster, 
then the cluster corresponding to the FAT entry is a part of a file, and the 
value in the FAT entry would indicate the next cluster in the file. 

This means that the space that belongs to a given file is mapped by a chain 
of FAT entries, each of which points to the next entry in the chain. The 
first cluster number in the chain is the starting cluster number in the 
file's directory entry. When a file is created or extended, MS-DOS allocates 
clusters (discussed later) to the file by searching the FAT for unused clus¬ 
ters and adding them to the chain. One cluster at a time is allocated to a 
file including a subdirectory entry. Vice versa, when a file is deleted, 
MS-DOS frees the clusters that had been allocated to the file or a subdirec¬ 
tory entry by clearing the corresponding FAT entries. The FAT chain for a 
file ends with an entry FFFF in the FAT. 

2.3 The Root Directory : 

The root directory usually occupies 7 sectors after FAT(8ectors 5 to 11).The 
root directory contains a series of 32 byte entries. Each of these 32 byte 
entries are either a filename, a subdirectory name or the volume label of 
the disk. If it's a file entry the 32 byte entry contains information about 
file's size, it's starting location on the disk, it's size, and it s date 
and time of creation. This information is present in the following order. 


Description 

Size 

Format 

Disk Bytes 

Value 

1.Filename 

8 bytes 

ASCII 

44 49 52 30 30 30 30 31 

DIROOOOl 

2.Extension 

3 bytes 

ASCII 

44 41 54 

DAT 

3.Attribute 

1 byte 

bit coded 

10 

16 

4.Reserved for 

10 bytes 

unused 

ALL ZEROS 

ALLi BLANKS 

future use 

5.Time 

2 bytes 

encoded 

98 04 

:Jba 

6.Date 

2 bytes 

encoded 

E3 lA 

07-03-93 

7.Starting clu- 

2 bytes 

integer 

60 01 

352 

ster number _ _ 

8.Size 

4 bytes 

long INT 

ALL ZEROS 

ALL BLANKS 


The attribute of a file can be...read only * 1 or hidden * 2 or system file* 
4 or volume ID ** 8 or directory * 16 or archive » 32 or a combination of 
these e.g.IO.SYS is a read only,hidden,system file. A subdirectory can also 
have such a attribute i.e. a subdirectory can be read only or hidden or 
system or archive or a combination of these. For a subdirectory entry also 
one cluster is allocated. 

In the attribute byte each bit represents either the type of the file or 
whether the entry is a volume label entry or a sub directory name entry. The 
meaning of each bit is as shown below : 


Bit numbers Meaning 

76543210 


1 

Read only 

1 

Hidden 

1 

System 

1 

Volume label entry 

1 

Sub directory 

1 

Archive bit 

1 

Unused 

1 

Unused 
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The starting clueter number indicatee the place where the file begin* on the 
disk data space. For volume label entry the starting cluster number is 0. 
For the directory entry which is a sub directory and contains another files, 
the root directory entry contains a starting cluster no. of another set of 
directory entries which reside in the disk data space e.g. If DIRl is a 
subdirectory in the root directory which contains DIR2 as a subdirectory 
along with the other files, and DIR2 contains DIR3 as a subdirectory along 
with the other files, and D1R3 contains a set of files then the root direc¬ 
tory entry will contain only one entry for DIRl which will give the address 
of DIRl on the disk data space where all it's files will be located; in DIRl 
there will be one entry for DIR2 which will give the address of DIR2 on the 
disk data space; DIR2 will contain one entry for DIR3 which will give the 
address of DIR3 on the disk data space, and on this address all the files of 
0IR3 will be located. 

2.4 The Data Space i 

All files' data and subdirectories are stored in this area. It occupies the 
last and the largest part of each disk. 

MS-DOS allocates space to files one cluster at a time. A cluster is nothing 
but a group of sectors that MS-DOS allocates to a file at a time or a subdi¬ 
rectory entry or a volume label. 

As a file is being created, or an existing file is extended, the file's 
allocated space grows. When more space is needed, MS-DOS allocates another 
cluster to the file. 

3.0 Program's Logic : 

We can compile the program, given herewith, in the Turbo Pascal 5.0 environ¬ 
ment and generate an executable file, called RENDIR.EXE. This program can be 
executed from the MS-DOS prompt in two ways. In the first way we can give 
just the name of the program viz. A>R£NDIR <enter>. In the second way we can 
have A>RENDIR OLD_DIRECTORY NEW^DIRECTORY <enter>. If RENDIR.EXE exists in 
the root directory and we are in some other path then we can invoke the 
program by \RENDIR <enter> e.g. A:\K1\K2\K3>\REMDIR <enter>. 

If we invoke the program without any parameters or parameters not equal to 
2 then the program displays the following message and asks us to give the 
old directory name... 

THIS PROGRAM IS FOR RENAMING A DIRECTORY.. .ENTER OLD DIRECTORY NAME DR:\PATH 
\DIRNAME(MAX.65 CHARS)... OR FORM OR ..\\.\DIRECTORY NAME 
FORM 

The user is supposed to give the old directory name. The program then asks.. 

ENTER NEW DIRECTORY NAME DR:\PATH\DIRNAH£(MAX.65 CHARS) OR FORM 
OR ..\..\..\..\DIRECTORY NAME FORM DEFAULT PATH OF THE SOURCE DIRECTORY IS 
ALLOWED USE THE SAME DRIVE... 

The user is supposed to give the new directory name. 

If the parameters are given then the parameters are assigned to the old 
directory name and the new directory name. 

Both the directory names are first converted into the capital letters. The 
first routine executed is the PATH_CHECK. This routine checks whether both 
the previous paths (prior to the given directories) are same or not. We need 
not give the path name explicitly in both the directory names. We can give 
the path name only in one of the directory names, the program can take the 
other path name from this. This routine also converts both the directory 
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n.nvAB into th« 8 + 3 format i.e. 8 characters primary name and 3 characters 
::^ndlrrn-- If w. want to rename the current directory then we can give 
just . for the old directory name e.g. 

A:\K1\K2\K3>\RENDIR . KK <enter>. plB 

TK and will oive the proper prompt vir. A*\Kl\K2\KK>. we can use \ \ 

combination for both the directory nameB. But a proper care ° ® * 

while UBing thia combination in the new directory name e.g. 

As\K 1\K2\K3>\REMDIR "contaiie 

give the prompt At\KK\K2\K3>. If the prompt i. A=\K1\K2\K3> and K3 contains 

K4 and we want to rename K4 then we can use 

m*\»i\ir 5 \in>\RFNDlR K4 K5. The renaming will be done and we will have the 

uee A:\K1\K2\K3>\REHDIR A.Kl KK or J or 
A:\Kl\K2\K3>\REin)IR AiKl AsKK or A:\K1\K2\K3>\RENDIR \K1 A.KK or 

A!\K1\K2\K3>\RKNDIR \K1 \K2 etc. 

He can rename any other directory out of this path also, but a proper path 

has to be given at least in one of the directory names. 

If the paths of the old directory and the new directory don't match then the 
program gives the message-.* 

DIFFERENT PATH/DRIVE IS NOT ALLOWED... COMMAND ABORTED... and the prog 
ends. 

If the path names are the same then the program e»e=“tes the routine 

ADD DRIVE NAME which adds the drive name A: or ®* " »iter thia the 

nf “i-h« directory name if it is not specified- After tnis one 

CHECK COR DIR routine is executed. This routine is "e 

cannot rename a directory when we are currently in the 

want to rename the current directory then we have to go to it s pre i 
directory in the same path. This routine does this task. 

After this the HILD_CHECK routine and the DIR NAME_CHECK routines are exe¬ 
cuted for the old directory name and the new directory directory 

routine checks whether the wild cards . and ? *^^® 

name. It also checks whether blank is present in ^he directory n^e. He ^can 

create a directory having a blank in it s name e.g. , .. the 

accessed by the MS-DOS CD or CHDIR command, so blank is not 
directory name. If any of the directory names contain(in 8+3) these 
acters i.e. * or 7 or blank then the program gives the message... 

WILD CARDS 7 fi » AND BLANKS ABE NOT ALLOWED IN A DIRECTORY NAME ... COMMAND 

ABORTED... and the program ends. 

The DIR NAME CHECK routine checks that none of the ''the 

or the"* MS-DOS file reserved words viz. COMl or COM2 or LPT etc.. If 

directory name is null then the program gives the message... 

DIRECTORY NAME CANNOT BE NULL.. .COMMAND ABORTEDy . and the ^ 

the directory name is one of the MS-DOS reserved frle names then the program 

gives the message... 

DIRECTORY NAME CANNOT BE... AUX/ CLOCK$/ COMl/ COM2/ C0M3/ C0M4/ CON/ LPTl/ 
LPT2/ LPT3/ LST/ NUL/ PRN. ..COMMAND ABORTED... and the program end. 

After this the DIR CHECK 1 routine is executed which checks whether the old 
directory n^e exist, ol not, if it exists then it is a directory or not. 
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This routine checks all the po8sible(16) attributes of a directory i.e. read 
only or hidden or systen or archive directory or a combination of these. If 
the old directory name is not a directory or it does not exist then the 
program gives the message... 

INNAME,' DOES NOT EXIST OR NOT A DIRECTORY... COMMAND ABORTED...'and the pro¬ 
gram ends. 

After this the DIR_^CHECK_2 routine is executed which checks whether the new 
directory name is a directory itself. If so then the program gives the mes¬ 
sage. .. 


OUTNAME' IS A DIRECTORY ITSELF...COMMAND ABORTED...' and the program ends. 

After this the program executes the routine SAME_MANB which checks whether 
the old directory name and the new directory name are different or not. If 
they are not different then the program gives the message... 

RENDIR CANNOT RENAME SAME DIRECTORY.,.COMMAND ABORTED... and the program 
ends. 

After this the program executes the routine FILE__CHECK. This routine checks 
whether the new directory name exists on the disk as a file. If it exists as 
a file name on the disk, in the particular path, then the program gives the 
following message and asks the following question... 

'FOUND...',OUTNAME,'...AS A FILE ON THE DISK' 

'ERASE...',OUTNAME,'...TO CREATE IT AS A DIRECTORY 7 (Y/y) ' 

If the user responds with Y/y then the program deletes the file from the 
disk so that a directory could be created as that name, otherwise the pro¬ 
gram gives the message... 

'...COMMAND ABORTED...' and the program ends. 

If the old directory name is the current directory name then the 
CHECK_CUR__DIR routine sets the value of the variable OD EQ CD as TRUE. If 
is FALSE then the routine WITHIN_PATH is executed. This routine 
checks whether the old directory name is included in the current directory 
name. If it is so then this routine sets the value of the variable INPATH to 
be TRUE. This is required to change the prompt correctly. 

After this the program converts the old directory name and the new directory 
name into the ASCIIZ string, and invokes the MS-DOS function request 56H 
which does the renaming. If the operation is successful then the program 
gives the message... 

'DIRECTORY... ',INNAME,'...RENAMED AS DIRECTORY... ',OUTNAME and the program 
ends after giving a correct prompt. If the operation is not successful then 
the program gives the message... 

'DIRECTORY NOT RENAMED... CHECK ACCESS RIGHTS...' and the program ends. 
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5.0 Program for the coiranand i 
PRCXSRAM RKNDIRj 

/PROGRAM FOR RENAME DIRECTORY BY PROF 
PUSAD - 445 215, DIST. : YAVATMAL, 

USES DOS; 

<R=READ ONLY, H=HIDDEN, S=SYSTEM, A=MCHIVE,‘ 3 rsq 
RHSAD - 5S;imSD - 23!RHAD - 51;RHtl - 19,RSM 5J,KS 

49;IU) - 17;HSAD - 54;HSD - 22;HAD = 50,HD 


K. J. SATAO,B.N,COLLEGE 
MAHARASHTRA (INDIA) > 


OF ENGG 


• F 


17(HSW3 

SAD - S2jsD = 20,-AD = 48;D = 16; 

CARRY FLAG* 1; . ^'TST' 'NUL','PRN 

nTRSETl * AR^Y [1**71 OF STRING[ 41* ('COMl' , 'COM2COM3COM4 ' , 

DIRSETI * ARRAY (1..71 OF sikxwuihj ^, .LPT2 ', 'LPT3' ) ; 


21 

18 


VAR 
F1,F2 
ATTR 

inname,outname 

INAHE,ONAME 
CH 
REG 
I 

P1,P2 
D1,D2 
N1,N2 
E1,E2 

OD_EQ_CD,INPATH 
S,S1,S2 
DR__NO 
K1 

FOUND 
PROCEDURE DRIVE__NO 


FILE; 

NORD; 

STRING[72); 

STRING[72); 

CHAR; 

REGISTERS; 

INTEGER; 

PATHSTR; 

DIRSTR; 

NAMESTR; 

EXTSTR; 

BOOLEAN; 

STRING; 

INTEGER; 

STRING[2l; 

BOOLEAN y 

(DIRNAME : STRING); 


BEGIN 

Si 'I S2 X* ''; 

51 ;* COPY(DIRNAME, 1, 1); 

52 I* COPY (DIRNAME, 2, 1); 
IF S2 » 'X' THEN 

BEGIN 


IF 

((SI 

s 

'a') 

OR 

(SI 

s 

■A')) 

IF 

((SI 

m 

'b') 

OR 

(SI 

EK 

'B')) 

IF 

((SI 

m 

'c') 

OR 

(SI 

m 

'C')) 

IF 

((SI 

m 

'd') 

OR 

(SI 

• 

'D')) 

IF 

((SI 

* 

'e') 

OR 

(SI 

m 

'B')) 


END 

ELSE 

DR NO J* 0; 


THEN DR_N0 
THEN DR_NO 

then dr^no 

THEN DR_NO 
THEN DR~NO 


END; 

PROCEDURE PATH_CHECKy 
LABEL 1,2,3,4,5,10; 


. * 1 ; 

t* 2 ; 

:» 3; 
s* 4; 
:* 5; 


INTEGER; 


VAR 

L,N : 

{ROUTINE TO CHECK WHETHER THE PATH NAMES ARE SAME OR NOT) 

DRIVE_NO(INNAME); 

L :* LENGTH(INNAME); 

GETDIR(DR NO,S); 

IF ((L - 1) AND (INNAME[11 » '•')) THEN 
BEGIN 

INNAME X- S; GOTO 5; 


END; 
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I :» 1; K1 :» N ;* 0; 

IF INNAME(l) * THEN GOTO 1 ELSE GOTO 5; 

1: K1 :« INNAMEIIJ + IMNAME(I+1)? 

IF K1 « THEN N N -► 1 ELSE GOTO 2; 

I :* I + 3; 

GOTO 1; 

2: IF N > 0 THEN 

BEGIN 

PI := S; 

FOR I := 1 TO N DO 
BEGIN 
D1 s» • 

FSPLIT(P1, Dl, Nl, El); 

PI :* Dl; 

DELETE(PI,LENGTH(PI),1); 

END; 

DELETE(INNAMB,1,N*2+N-l); 

INNAME Dl + INNAME; 

DELETE(INNAME,LENGTH(Dl),1); 

END; 

5; DRIVE_NO(OUTNAME); 

L :* LENGTH(OUTNAME); 

6 ETDIR(DR_NO,S); 

IF ((L *= 1) AND (OUTNAMEtlJ * '.')) THEN 
BEGIN 

OUTNAME := S; 

GOTO 10; 

END; 

I 1; K1 N x= 0; 

IF OUTNAME[1] * THEN GOTO 3 ELSE GOTO 10; 

3s K1 :« OUTNAME(I) + OUTNAME[I+IJ; 

IF K1 * THEN N t- N + 1 ELSE GOTO 4; 

I :* I + 3; 

GOTO 3; 

4s IF N > 0 THEN 
BEGIN 

PI s = S; 

FOR I s= 1 TO N DO 
BEGIN 

Dl s* ''; 

FSPLIT(P1, Dl, Nl, El); 

PI s* Dl; 

DELETE{PI,LENGTH(PI),1); 

END; 

DELETE(OUTNAME,1,N*2+N-1); 

OUTNAME s= Dl + OUTNAME; 

DELETE(OUTNAME,LENGTH(Dl),1); 

END; 

10s IF INNAME(l) - THEN INNAME s» 8(1) + 8(2) + INNAME; 

IF OUTNAMEtlJ = THEN OUTNAME s« S(l) + St2J + OUTNAME; 

PI s* INNAME; 
rSPLIT(Pl, Dl, Nl, El); 

INNAME s* Dl + Nl -► El; 

P2 s» OUTNAME; 

FSPLIT(P2, D2, N2, E2); 

OUTNAME s= D2 + N2 + E2; 

IF (Dl = ") THEN 
BEGIN 

Dl s= D2; 

INNAME s= Dl + INNAME; 

END; 
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IF (D2 » '') THEN 
BEGIN 

D2 := Dlj 

OUTNAME := Dl + OUTNAME; 

END; 

IF Dl <> D2 THEN 
BEGIN 

WRITELN( 'DIFFERENT PATH/DRIVE IS NOT ALLOWED...COMMAND ABORTED 
CHDIR(S);HALT; 

END; 

END; 

PROCEDURE ADD_DRIVE_NAME; 

BEGIN 

S2 ;* S2 :* COPy(Dl, 2, 1); 

IF S2 ' THEN 

BEGIN 

DRIVE_NO(INNAME); 

GETDIR(DR_NO,S); _ 




SI : 


SI :» COPy(S, 1, 2); 


INNAME Si INNAME; 

END; 

52 

S2 := COPy(D2, 2, 1); 

IF S2 <> ':' THEN 
BEGIN 

DRIVE_NO( OUTNAME); 
GETDIR(DR_NO,S2); 


Si : 


SI t- COPy(S2, 1, 2); 


OUTNAME := SI + OUTNAME; 

END; 

END; 

PROCEDURE CHECK_CUR__DIR; 

BEGIN 

{ROUTINE TO CHECK WHETHER THE SOURCE DIR IS THE CURRENT DIR} 
OD_EQ_CD := FALSE; 

DRIVE_NO(INNAME); 

S ; = " ; 

GETDIR(DR_NO,S); 

PI :» Dl := HI x“ El :■ 

IF S « INNAME THEN 
BEGIN 

OD_EQ_CD :» TRUE; 

PI :» INNAME; 

FSPLIT(P1, Dl, Nl, El); 

DELETE(D1,LENGTH(D1),1); 

CHDIR(Dl); 

END; 

END; 

PROCEDURE WILD_CHECK(DIRNAME : STRING); 

BEGIN 

{ROUTINE TO CHECK WILD CARDS * fi ? AND BLANKS} 

FOR I:= 1 TO LENGTH(DIRNAME) DO 
BEGIN 

IF ((DIRNAME[I)*'7')OR(DIRNAME[I)='*')OR(DIRNAME[I]»' ')) THEN 

BEGIN 

WRITE('WILD CARDS ? & * AND BLANKS ARE NOT ALLOWED IN A '); 

WRITE('DIRECTORy NAME.. .COMMAND ABORTED-') ; 

WRITELN;CHDIR(S);HALT; 

END; 

END; 

END; 
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PROCEDURE DIR NAME CHECK(DIPNAME t STRING) ; 

BEGIN 

FOUND :* FALSE; 

IF (DIRNAME = ") THEN 
BEGIN 

WRITELN('DIRECTORY NAME CANNOT BE NULL... COMMAND ABORTED...'); 
CHDIR(S);HALT; 

END; 

{ROUTINE FOR INVALID DIRECTORY NAMES> 

FOR I 1 TO 5 DO 
BEGIN 

IF DIRNAME » DlRSETtlJ THEN FOUND s« TRUE; 

END; 

FOR I i» 1 TO 7 DO 
BEGIN 

IF DIRNAME » DIRSBT1(IJ THEN FOUND i« TRUE; 

END; 

IF DIRNAME * 'CLOCKS' THEN FOUND :* TRUE; 

IF FOUND THEN 
BEGIN 

WRITE('DIRECTORY NAME CANNOT BE...'); 

WRITE( 'AUX/CLOCK$/COMl/COM2/COM3/COM4/CON/LPTl/LPT2/LPT3/LST/' ) ; 

WRITE('NUL/PRN...COMMAND ABORTED...'); WRITELN; CHDIR(S); HALT; 

END; 

END; 

PROCEDURE DIR CHECK 1; 

BEGIN 

{ROUTINE TO CHECK THE SOURCE NAME EXISTS OR NOT) 

{AND WHETHER IT IS A DIRECTORY OR NOT) 

ASSIGN(F1,INNAME); GETFATTR(F1, ATTR); 

IF ( (ATTRORHSAD) AND (ATTRORHSD) AND (ATTRORHAD) AND (ATTRORHD) AND 

(ATTRORSAD) AND (ATTRORSD) AND (ATTRORAD) AND (ATTRORD) AND 

(ATTROHSAD) AND (ATTROHSD) AND (ATTROHAD) AND (ATTROHD) AND 

(ATTROSAD) AND (ATTROSD) AND (ATTROAD) AND (ATTRoD)) THEM 

BEGIN 

WRITE(INNAME,' DOES NOT EXIST OR NOT A DIRECTORY '); 

WRITELN('...COMMAND ABORTED...');CHDIR(S);HALT; 

END; 

END; 

PROCEDURE DIR_CHECK 2; 

BEGIN 

{ROUTINE TO CHECK WHETHER DESTINATION NAME EXISTS} 

ASSIGN(F2,0UTNAME); GETFATTR(F2, ATTR); 

IF ( (ATTR«RHSAD) OR (ATTR*RHSD) OR (ATTR*RHAD) OR (ATTR*RHD) OR 

(ATTR*RSAD) OR (ATTR=RSD) OR (ATTR*RAD) OR (ATTR«RD) OR 

(ATTR=HSAD) OR (ATTR==HSD) OR (ATTR=HAD) OR (ATTR*HD) OR 

(ATTROSAD) OR (ATTR*SD) OR (ATTR*AD) OR (ATTR*D)) THEN 

BEGIN 

WRITELN(OUTNAME,' IS A DIRECTORY ITSELF...COMMAND ABORTED...'); 
CHDIR(S);HALT; 

END; 

END; 

PROCEDURE SAME_NAME; 

BEGIN 

{ROUTINE TO CHECK SAME DIRECTORY NAMES} 

IF INNAME = OUTNAME THEN 
BEGIN 

WRITELN('RENDIR CANNOT RENAME SAME DIRECTORY...COMMAND ABORTED...'); 
CHDIR(S);HALT; 

END; 

END; 
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PROCEDURE FILE_CHECK; 

BEGIN 

{ROUTINE TO CHECK WHETHER DESTINATION PILE EXISTS} 

{$!-} 

RESET(F2); 

{$! + } 

IF lORESULT = 0 THEN 
BEGIN 

WRITELN('FOUND.# OUTNAME ,'...AS A FILE ON THE DISK'); 
CLOSE(F2); 

WRITE('ERASE./OUTNAME, ' 

READLN(CH); 

IF UPCASE(CH) » 'Y' THEN 
ERASE(F2) 

ELSE 
BEGIN 

WRITELN('...COMMAND ABORTED 
CHDIR(S);HALT| 

END; 


•TO CREATE IT AS A DIRECTORY 


*)t 


END; 

END; 

PROCEDURE WITHINPATH; 


(Y/y) '); 


BEGIN 

{ROUTINE TO CHECK WHETHER THE SOURCE DIR IS A SUBSET OF CUR DIR) 
INPATH 1= FALSE; S :* 

DRIVE__NO(INNAME) ; 

GETDIR(DR NO,S); 

SI ";“S1 :* COPY(S, 1, LENGTH(INNAME)); 

IF SI = INNAME THEN INPATH :» TRUE; 

END; 

BEGIN 

{MAIN ROUTINE) 

INPATH :» FALSE; OD___EQ_CD FALSE; FOUND :* FALSE; 

IF PARAMCOUNT <> 2 THEN 
BEGIN 

WRITE('THIS PROGRAM IS FOR RENAMING A DIRECTORY...'); 

WRITE('ENTER OLD DIRECTORY NAME DR:\PATH\DIRNAME(MAX.65 CHARS)... 
WRITE('OR form or ..\\\.\DIRECT0RY NAME FORM'); 

WRITELN; 

READLN(INMAME); 

FOR I :* 1 TO LENGTH(INNAME) DO INNAMEtl) := UPCASE(INNAME[IJ); 
WRITE('ENTER NEW DIRECTORY NAME DR:\PATH\DIRNAME(MAX.65 CHARS)'); 
WRITE 'OR FORM OR ..\\\.\DIRECTORY NAME FORM'); 

WRITE('( DEFAULT PATH OF THE SOURCE DIRECTORY IS ALLOWED)'); 

WRITE(' USE THE SAME DRIVE...'); 

WRITELN; 

READLN(OUTNAME); 

FOR I :» 1 TO LENGTH(OUTNAME) DO OUTNAME[I] UPCASE(OUTNAME(I)); 


) 


PATH_CHECK; 

ADD_DRIVE_NAHE; 

CHECK_CUR_DIR; 

WILD_CHECK(INNAME); 

DIR_NAME_CHECK(INNAME) ; 

WILD_CHECK(OUTNAME); 

DIR_NAME_CHECK(OUTNAME) ; 

DIR_CHECK_1; 

DIR_CHECK_2 ; 

SAME_NAME; 

FILE CHECK; 

IF OD__EQ_CD » FALSE THEN WITHINPATH; 
END 
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ELSE 

BEGIN 

INNAME :* PARAMSTR(l); 

FOR I := 1 TO LENGTH (INNAME) DO INNAME[I] f UPCASE (INNAME (I)) ; 
OUTNAME !* PARAKSTR(2)j 

FOR I i» 1 TO LENGTH (OUTNAME) DO OUTNAMBII) f OPCASE(OUTNAME[I J ) ; 
PATH CHECK; 

ADD DRIVE_NAME; 

CHECK^CUR DIR; 

WILD_CHECK (INNAME); 

DIR NAME_CHECK(INNAME); 

WILD CHECK(OUTNAME); 

DIR NAME_CHECK (OUTNAME) j 
DIR""cHECK_1; 

DIR“cHECK 2; 

samI^nameT 

FILE CHECK; 

IF OD EQ_CD « FALSE THEN WITHINPATH; 

END; “ 

INAME s« INNAME; 

ONAME I* OUTNAME; 

INNAME INNAME + CHR(O); 

OUTNAME := OUTNAME + CHR(O); 

WITH REG DO 


BEGIN 



DS 

m 

SEG(INNAMEIl)); 

DX 

m 

OFS(INNAME(l]); 

AH 

s 

($56); 

ES 

1 « 

SEG(OUTNAMEtll); 

DI 

J* 

OFS(OUTNAMEtlJ); 


MSDOS(R£G); 

IF ((FLAGS AND CARRY_FLAG) *1 ) THEM 
BEGIN 

WRITELN('DIRECTORY NOT RENAMED...CHECK ACCESS RIGHTS...'); 
CHDIR(S);HALT; 

END 

ELSE 

BEGIN 

WRITELN('DIRECTORY... ',INNAME, 

'...RENAMED AS DIRECTORY... OUTNAME); 

IF OD_EQ_CD THEN CHDIR(OUTNAME); 

IF INPATH THEN 
BEGIN 

GETDIR(DR NO,S); DELETE(S,1,LENGTH(INAME)); 

S :* ONAME + S; CHDIR(S); 

END; 

END; 

END; 

END. 
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Abstract : 

The operating ey.tem MS-DOS contains a co™.and called 

fififtrchina a particular string in a file or a group 
Jhls is not 2 full fledged command. It ie a filter(a command that 

reads our input, transform, in Sas*’“given ““ co^i^and 

GREP.EXE(ai.miJ.at uv . r etring throughout a file 

UNIX has a command to replace a scr y y paper, 

Bystem(directory) or a group Replace a string 

:h?ou^h“t''‘’t‘=''drr:=“ry‘“or T^oup of files which can he a good 
enhancement to the MS-DOS operating system. 

1,0 Introduction 

specified string. 

The limitations of this match the lowercase 

The uppercase characters in the string will not 

2> ^f'thfstring contains quotation marks, we must enclose it in additional 
3> Wild cards (• and ?) are not allowed in filenames or extensions. 

7 have developed a command «/iS;;:^,i^:^.'"?^r^p;^^":ommar°:u;plled 

above limitations and has many is available to only those 

bv Turbo Pascal, though very much versatile, is ava t hereby 

uLrf wSo have ^urchaLd Turbo Pascal 5.0, whereas my command, I, hereby 

authorize any user of computers to use. 

1 Aic nnc \r\T REPLACE «EXE and SUBST«EXE* Th6 puiTpOS© 
There are commands in MS-DOS viz. REPlAtfc.t „£ the files and 

of this replace command f®''ttrtnr^o7 a pat7 In nutshell 

that of the subst command is ^ to replica /substitute a 

these commands(replace and ■“bet) do n there is no command in MS-DOS 

nir. irarlh:!"! ^^vl^^stri:; th^olghout the file system, to 

ilplace I given string by another string throughout the file system. 

A throughout tho fLl© systani using a 

My program can replace a given string g equal and the un- 

- “• 

replaced by another string of up to 20 characters. 

UNIX environment to enrich UNIX utilities as well. 

The program is written in Turbo Pascal S.O under MS-DOS 4.01. 
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2>0 Advantages of the program 

1> The uppercase characters in a string will match the lowercase characters 

and vice-versa, if ignore case is opted for. i*. 

^ If a string contains quotation marks, there is no need to enclose it in 

another pair of quotes. , ^ ^ 

3> ? and * are allowed as wild cards in the string, if opted for. 

4> ? and * are allowed aa wild carda In the file namea and oxtonaiona. 

5> We can replace by query, if opted for. .... u . .w,. fii. .watem 

6> A Btring up to 20 character a can be aearched throughout the file eyatem 

l.e. the directory. _aiav 

7> The Btring can be aearched/replaced in any path/directory on the dialc. 

8> The program worka under Novell'a NETWARE operating i.e. in a local area 

9> Any normal(archive) file e.g. .EXE, .BAK, .DOC,.C,.PAS,.COB,.FOR,.PRG,.DBF, 
.WKl, W.S. Document file,W.S. Non document file,.COM etc. can be searched 

10 The program takes care of both equal and unequal strings and the multiple 
occurrences of the string in a file or a group of files. 

11 A string can be replaced by null i.e. removed from a file/files. 

12 We can abort search/replace while in operation, if opted for. 

13 We can search/replace even the non alphabetic characters- 


3.0 Program*s Logic 

I have uaed a linked Hat method of data atructurea. My program haa facll 
itiee like S for Search, R for Replace, and Q for Quit. 


The command for running my program is - 

DR-NAME>srandrep filenautie<enter> OR DR-NAME>srandrep<enter>. 
After the command is executed we get a screen as below... 


WELCOME TO THE SEARCH AND REPLACE ROUTINES BT PROF.K. J.SATAO, C.O.E. ,PUSAD, 
INDIA _ 

YOUR COMMAND PL. S-SEARCH /R-RE PLACE/Q-QUIT 

If the command is not r/R/s/S/q/Q then the program once again asks the 
command. If the command is q/Q then the program displays the message... 


'SEE YOU AGAIN...BYE...' and the program halts giving the MS-DOS prompt. 

If the file name is not given at the MS-DOS prompt then the program asks 
'PLEASE GIVE THE FILE NAME(79 CHARS MAX) e.g.C:\TP\KJS\PAPER*.* 


If we want to search in the current directory then the full path need not be 
given, just the file name e.g. test*.* is sufficient. ^ , i*.,. 
This file name is converted into the uppercase and is tested for it s 
validity. If the file name is given at the DOS prompt then it is converted 
into the uppercase and the validity of the file name is tested. 


For testing the file name validity the following procedure is used ... 

If the file name is null or the file name is one of the following 13 names 
AUX, CLOCKS, COMl, COM2, COM3, COM4, CON, LPTl, LPT2, LPT3, LST, NUL, PRN 
then the program gives the message... 'INVALID FILE NAME...'and’the program 

asks the valid file name. 


If the file name is a valid file name then the program checks the existence 
of at least one occurrence of the file using the FINDFIRST call. 
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The program takee .^'^?ACCESS DENIED...', 

:;s^;L™S::;':'no™oh ™:..','ihvalid environment. ..-, 

•INVALID FORMAT...', 'NO MORE FILES... . 

In case any of the above errors occur then the program aborts the operat 
and once again asks the command. 

in case there la at least one occurrence 

proceeds further and gets the options for ignore case 

asking the following yes...' 

'DO YOU WANT TO IGNORE ^ ?HaBACTER USE IT? y/Y FOR YES...'- 

'? OR * CAN BE USED AS A WILD CHARACTER...USE li' y/ 

..va the string to be searched or replaced by asking 
After this the program aaka the atri g 

the queation.. • , 

'WHICH STRING? (MAX 20 CHARACTERS) . 

Tf the lonore case is opted for then this string is converted into capital 
letterl rcanLt search or replace a null string. 

If the command is for searching then the following steps are followed... 

s ufii.nG th© FINDFIRST C&H• 

^ Find the first occurrence o NEXT_FILE and HEADLINES. The 

2> Read the file using actual filename along with path,prepares 

~ READ NEXT FILE routine gets m this routine we read 

for Sew links and calls the Lch time from the file 

either up to linefeed ““P “|6'^“"ct”;,tlll the sire of the file 

and Insert into a linked file. Including CR,LF,EOF etc. are 

is reached. °!'?gH°iist ^If a particular file is too big (no. of 

inserted into the ^ 367360 bytes) then the program gives 

line8>2870 or the size of tne rxre 

•I;St“'etoSgh‘«HORY to load the file...use other METHOD TO SEARCH/REPLACE' 
an^tArpr^esslng for the other files continues. 


TOTAL CHARACTERS = 'total 


At the end we get a meseage... 

'TOTAL LINES « 'total lines 
characters in the file* nw ' 

3> Give the message... 'SEECHING I scans the linked list for the 

4> Execute SEARCH routine. . ^ . contains the string the program 

“ particular string. If a particular line contains^ ^ messagL.. 

finds the no. of g"™! - 'actual^occurrences. If the string 

iB found in many lines then after eacn 

•S?M?^"iNY KEY TO CONTINUE ... OR »/S TO STOP...' and depending upon the 

option it proceeds further. «--oaae 

At the end the program gives the message... 

' TOTAL OCCURRENCES » ' total 

;rjre fpL^i^VorrA--;- ^P^o^a^ go;s-to step S otherwise 

aborts th^ •>rri?t"?oX“e«ch:S^ring rhe^FI^DNEXT routine. 

H Thf ste;s"rto 5 :rrrepea“d till alAhe files are exhausted. 

7? At the end the program gives the 

— 'TOTAL NO. OF FILES SEARCHED * actual numoer 

uairTMr* THE STRING * 'actual number 
'TOTAL NO. OF FILES HAVING THE &iKxnv» 

'STRIKE ANY KEY TO CONTINUE.. . ' 

and the control goes to the command options. 


it 
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If the command ie for replacing then the following .tope ore followed... 

1> The program get. the string, by which to be replaced, by asking the 
following question and getting a replay for it... 

'BY WHICH STRIHG7(MAX 20 CHARACTERS) 

2> The program then asks the following question and gets a response for 

'REPLACE BY QUERY ? (y/Y) 

3> Same as step 1 of searching. 

4> Same as step 2 of searching. 

5^ Give the message... 'REPLACEMENT IS GOING ON... , . , . , . the 

6> Execute REPLACE routine. This routine scans the linked mierv 

”■ particular string. If a particular line contains the string then,if query 

is opted for then the program asks for the response...^ 

and acts according the choice. If the string is found ^lery is not 
opted for,then direct replacement is done. The progrM takes c 
multiple occurrences of the string in any line and equal a 

unequal strings. 

All the replacement are first done in the linked list. After the process 
is over then the program displays the message... 

'TOTAL OCCURRENCES - 'total occurrences f ... . 

The program then writes the contents of the linked list into the s^ 
file in the same path and gives the following message and gets a re po 

'REPLACEMENTS OVER...STRIKE ANY KEY TO CONTINUE...OR a/A TO ABORT 


If the option is not 'a/A' then the program goes to step 7 otherwise 
aborts the replacement operation ^oes to step 9. 

7> Find the next file to be replaced using the FINDNEXT 

8> The steps 4 to 7 are repeated till all the files are exhaust . 

^ At the end the program gives the message... 

— 'TOTAL NO. OF FILES SEARCHED * ' actual number 
'TOTAL NO. OF FILES REPLACED * ' actual number 
'STRIKE ANY KEY TO CONTINUE...' 
and the control goes to the command options. 


it 


4.0 Limitations of work 
My program has the following limitations... 

1> He cannot search/replace CR,I,F,EOF, AMD NOLL character.. 

2> File, having no. of lines > 2870 or the sire of the f 

— cannot be searched or replaced if the main memory is 640 KB. 

3> For a line of 128 characters we can have... j 

— a> 128 occurrence, for 1 character getting replaced by 1 character. 

1 character getting replaced by 2 characrers. 
1 character getting replaced by 3 characters. 


bytes 


b> 38 occurrences for 
c> 19 occurrences for 
and BO on 

d> 2 occurrences for 


1 character getting replaced by 20 characters 


5*0 Further enhancements under consider ation 

I plan to undertake the following improvements in my present program... 

1> Search/Replace the entire disk by the tree structure. 

2^ Search/Replace the syetem/hidden/readonly file. the 

~ Incorporate. He have to just change the attribute of the file before 

3> IHrch/Replace without using the linked list method.Of course this method 
will also have some limitations. 
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6,0 The Program 

PRCXJRAM SEARCH^AND RE^CT; SATAO, B.N. COLLEGE OF ENGG.,'} 

445 S?^t“^!^AVA?HAL, ‘ MAHARASHTRA(IHDIA)> 

USES CRT,DOS; 

LABEL 1/2,3,4#5f 

CONST c-roTNrr fil«/'AUX'*'CLOCK$ ' ,'COMl','COM2 ' , 

FILESET : ^ , %oH' , ' Lpk ' , ' LPT2' . ’ LPT3 - , ■ LST ’ , ' NUL', ' PRH ' ) ; 

TYPE 

TEXTl * ARRAY[1. . 166] OF CHAR; 

STRING12 * ARBAY[1..201 OF CHAR; 

POINTERl » ^ENTRY; 


ENTRY 

RECORD 

LINENO 

LINETEXT 

NEXT 

END; 


: INTEGER; 
s TEXTl; 
s POINTERl; 


VAR 


CASE 1, QUERRY, WILD , COMMAND, CH 


CHAR; 


START, STOP,HIGHNO:INTEGER;HE^INE:TEXTl; ^ _ TEXTl," F : TEXT; 

HEAD, LINK, PREV,P: -UF • ’ ARRAY [ 1. . 10240) OF CHAR; 

TEMP12,TEMP13,TEHP14,B12^13^^RING12^^^^.^^^^^t^^^^^^ ^ INTEGER; 

SoNE°;'bW«AN; FiLEiAM4,FILNAME': STRING[791; PI > POIHTER; 

S^fSrRS;Rr!;^"rH^sfR;’ET°FfT^siR;PARCOUNT : WORD; 

PROCEDURE GETNAME; 

“°TOITE('PLEASE GIVE THE FILE . 

WRITE) 'e.g.C;\TP\PAPER12.PAS '); READLN ( FILENAME), 

WRITELN; 

END; 

PROCEDURE FILETEST; 

LABEL 15; 

BEGIN 

DONE :* FALSE; 

IF (FILENAME « ") THEN 
BEGIN 

WRITELN('INVALID FILE NAME... ); 

DONE := TRUE; 

GOTO 15; 

END; 

FOR I:=l TO LENGTH(FILENAME) DO 
BEGIN 

CH :« FILENAME(I); «*«.*, 

IF ((0RD(CH)>*97) AND (ORD(CH)<»122)) THEN 

FILENAME(I) j«CHR(ORD (FILENAME!I])“32 )} 

END; 

FOR I:*l TO 13 DO 
begin 

IF FILENAME - FILESET(I1 THEN 
BEGIN 

WRITELN('INVALID FILE NAME...'); 

DONE i» TRUE; 

GOTO 15; 

END; 

END; 

15:END; 



84 


PROCEDURE CHECK_ERROR; 

BEGIN 

ir DOSERROR * 2 THEN WRITELN ( ' FILE NOT FOUND...') ELSE 

IF DOSERROR « 3 THEN WRITELN('PATH NOT FOUND...') ELSE 

IF DOSERROR « 5 THEN WRITELN('ACCESS DENIED...') ELSE 

IF DOSERROR * 6 THEN WRITELN('INVALID HANDLE...') ELSE 

IF DOSERROR * 8 THEN WRITELN('NOT ENOUGH MEMORY...') ELSE 

IF DOSERROR *10 THEN WRITELN('INVALID ENVIRONMENT...') ELSE 

IF DOSERROR -11 THEN WRITELN('INVALID FORMAT...') ELSE 

IF DOSERROR *18 THEN WRITELN('NO MORE FILES...')? 

END; 

PROCEDURE WRITELINES; 

LABEL 71,72; 

BEGIN 

ASS IGN ( F, FILNAME); ERASE (F) ; SETTEXTBUF (F, BDF ) ; REWRITE (P) ; LINKi -HEAD* . NEXT; 

WHILE (LINK <> NIL) DO 

BEGIN 

TEMP LINK''.LINBTEXT; 

FOR I s« 166 DOWNTO 1 DO 
BEGIN 

IF TEMPtI]-CHR(0) THEN GOTO 71;GOTO 72; 

71;END; 

72:FOR NU :» 1 TO I DO 
BEGIN 

WRITE(F,TEMP(NU)); 

END; 

LINK I- LINK''.NEXT; 

END {WHILE}; 

WRITELN; CLOSE(F); WRITELN; 

WRITE('REPLACEMENT OVER...STRIKE ANY KEY TO CONTINUE. . .OR a/A TO ABORT'); 
CH UPCASE(READKEy); 

END {WRITELINES}; 

PROCEDURE INSERT(NUMBERi INTEGER; VAR NEWLINE: TBXTl); 

BEGIN 

DONE FALSE; PREV := HEAD; LINK :» HEADNEXT; 

WHILE (LINK <> NIL) AND NOT DONE DO 
BEGIN 

IF LINK^.LINENO * NUMBER THEN 
BEGIN 

NEW(P); P-.LINENO :» NUMBER; 

P''.LINETEXT s- NEWLINE; P*.NEXT :* LINK; PREV^.NEXT P; 

REPEAT 

NU LINK^.LINENO; NO :» NU+1; LINK*.LINENO:- NU; 

LINK :* LINK'".NEXT; 

UNTIL LINK « NIL; DONE :» TRUE; 

END {IF} ELSE 

IF LINK*.LINENO > NUMBER THEN 
BEGIN 

NEW(P);P*.LINENO NUMBER; P*.LINETEXT NEWLINE; P*.NEXT LINK; 
PREV*.NEXT :» P; DONE :* TRUE; 

END {IF} ELSE 
BEGIN 

PREV :- LINK; LINK :- LINK*.NEXT; 

END; 

END {WHILE}; 

IF NOT DONE THEN 
BEGIN 

NEW (P); P*.LINENO :» NUMBER; P*.LINETEXT:* NEWLINE; 

P*.NEXT :* NIL; PREV*.NEXT :-P; 

END 

END {INSERT}; 
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PROCEDURE HEADLINES (SNUMBER s INTEGER); 

LABEL 10; 

IGN{F, FILNAME); SETTEXTBUF(P, BUF);RESET (F ) ; 
NU := 0;TCH :* 0; 

FOR I 1 TO 166 DO TEMPltl] s* CHR(O); 

WHILE (NOT (TCH * DIRINFO.SIZE)) DO 
BEGIN 

READ(F,CH) ;NU:-NU+1;TEMP(NU]:*CH; 

TCH :* TCH +1; 

IF ({TEMP(NU1 “ CHR(IO)) OR (NU > 127)) THEN 
BEGIN 

TEMPI[NU] :» CH; 

IF MEMAVAIL < 182 THEN 
BEGIN 

WRITE('NOT ENOUGH MEMORY TO LOAD THE FILE-. 
WRITELN('USE OTHER METHOD TO SEARCH/REPLACE 
WRITE( 'STRIKE ANY KEY 'TO CONTINUE. . - ') ; 

CH ;« READKEY; GOTO 10; 

end ; 

NEWLINE ;» TEMPI; INSERT(SNUMBER,NEWLINE); 

SNUMBER :* SNUMBER + 1; 

FOR K :» 1 TO 166 DO TEMP1[K) :« CHR(O); 
HIGHNO:*HIGHNO+l;NO s* 0; 

END 

ELSE TEMPI(NU) :* TEMP(NUJ; 

END; 

IF TEMP(NU-1)<>CHR(10) THEN 
BEGIN 

NEWLINE :■ TEMPI; INSERT (SNUMBER, NEWLINE) ; 

SNUMBER :* SNUMBER + 1; 

HIGHNO:-HIGHNO+1; 


); 

. Mi- 


end ; 

10;CLOSE(F); 


END; 

PROCEDURE LIST(START, STOP: INTEGER); 
LABEL 30,31; 

BEGIN 

DONE :* FALSE; LINK :* HE AD''.NEXT; 
WHILE (LINK <> NIL) AND NOT DONE DO 
BEGIN 

IF LINK*.LINENO > STOP THEN DONE 
ELSE 

IF LINK^.LINENO >* START THEN 
BEGIN 


TRUE 


WRITE(LINK-.LINENO:4,'s'); 
temp :* LINK-.LINETEXT; 

FOR I :* 166 DOWNTO 1 DO 
BEGIN 

IF TEMPlIJ*CHR(0) THEN GOTO 30; GOTO 31; 


30:END; 

31:FOR II :» 1 TO I-l DO 
BEGIN 

CH :* TEMP[II); WRITE(CH); 
END ^ 

CH U TEMP(I); WRITELN(CH); 
LINK LINK-.NEXT 
END {IF> 

ELSE LINK :* LINK-.NEXT; 

END {WHILE}; 

END; 
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PROCEDURE CHECK IG CASE WILD; 

BEGIN 

FOR J :* 0 TO L-1 DO 
BEGIN 

TEMP14tJ+l] TEMP[I1+JJ; 

IF CASEl * 'T' THEN 
BEGIN 

IF ((ORD(TEMP14tJ+l])>*97) AND (ORD(TEMP14[J+ll)<.122)) THEN 
TEMPa4[J+l] i« CHR(ORD(TEMP14[J+1))*32); 

END; 

IF WILD * 'Y' THEN 
BEGIN 

FOR Js- 1 TO L DO 

IF TEMP12[J1 * '?' THEN TlMPUfJ] j- 
IF TEMP12[JJ a THEN TKMP14(jj t* 

END; 

END; 

PROCEDURE READ_NEXT FILE; 

BEGIN ~ 

MARK(P1);NEW(HEAD);HEAD-,NEXT ;a NILjHIGHNO ;*1; 

FILNAME :* D + DIRINFO.NAME; 

;WRITELN(DIRINFO.NAME) ;TEXTCOLOR(YELLOW); 
WRITELN;HEADLINES(HIGHNO); COUNTl t* COUNTl 4- 1* 

WRITELN('TOTAL LINES * ',HIGHNO-l, 

TOTAL CHARACTERS * '/DIRINFO.SI2E:7); 

START :» 1; STOP *» HIGHNO-1; 

END; 

INTEGER;VAR TEMP12 : STRING12); 

30^ 3X|r3«2/ 33^ 

BEGIN 


OCC:*0;TOCC:*0;K12*0;DONE:*FALSB;LINK :* HEAD*.NEXT; 

WHILE (LINK <> NIL) AND NOT DONE DO 

BEGIN 

IF LINK*.LINENO > STOP THEN DONE :» TRUE 
ELSE 


IF LINK*.LINENO >= START THEN 
BEGIN 

TEMP :a LINK*,LINETEXT; 

FOR I;* 166 DOWNTO 1 DO 
BEGIN 

IF TEMP(IJ=CHR(0) THEM GOTO 30; GOTO 31; 

302END; 

31:11 2= 1; 

WHILE I1<*I DO 
BEGIN 

CHECK__IG_CASE WILD; 

IF TEMP14 <> fEMP12 THEN 
BEGIN 

II 2* II +1; GOTO 32; 

END; 

OCC 2* OCC+1; TOCC ;» TOCC+1; II s* H + L- 
32;END; 

IF OCOO THEN 
BEGIN 

K1 2* K1 +1; WRITELN(LINK*.LINEN025,'2',TEMP); 
WRITELN{' NO. OF OCCURANCES IN THIS LINE * ',000:5); 

K 2a K1 DIV 5; 

IF K1 a K*5 THEN 

BEGIN 

WRITELN; 
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WRITE ('STRIKE ANY KEY TO CONTINUE... OR fl/S TO STOP...'); 

CH :« UPCASE(READKEY); 

WRITELN; 

IP CH » 'S' THEN GOTO 33; 

END; 

END; 

END;{IF} 

LINK :* LINK".NEXT; OCC 0; 

END {WHILE); 

33:WRITELN f 

WRITELN(' TOTAL OCCURANCES * ',TOCC:5); 

IF TOCC > 0 THEN 
BEGIN 

WRITE ( 'STRIKE ANY KEY TO CONTINUE. . .OR a/A TO ABORT. . . ' ) ; 

CH := UPCASE(READKEY); COUNT2 COUNT2 + 1; 

END; 

END; 

PROCEDURE REPLACE(START, STOP: INTEGER;VAR TEMP12,TEMP13 : STRING12); 
LABEL 30,31,32,50,51,52; 

BEGIN 

OCC:* 0; TOCC;* 0; DONE:* FALSE; LINK:* HEAD".NEXT; 

WHILE (LINK <> NIL) AND NOT DONE DO 
BEGIN 

IF LINK".LINENO > STOP THEN DONE :* TRUE 
ELSE 

IF LINK".LINENO >* START THEN 
BEGIN 

TEMP ;* LINK".LINETEXT; TEMP2 :» LINK".LINETEXT;LINEOCC:*0; 

FOR I :* 166 DOWNTO 1 DO 
BEGIN 

IF TEMP(I)*CHR(0) THEN GOTO 30; 

GOTO 31; 

30:END; 

31*11 :* 1; 

51*WHILE I1<*I DO 
BEGIN 

CHECK_IG_CASB_WILD; 

IF TEMP 14 <> TEMPI2 THEN 
BEGIN 

II :* II -fl; GOTO 32; 

END; 

OCC :» OCC+l;LINEOCC :* LINEOCC + 1; TOCC :* TOCC+1; 

IF QUERRY * 'Y' THEN 
BEGIN 

WRITELN(LINK".LINENO: 5,':' ,TEMP2) ; 

WRITE ('DO YOU WANT TO REPLACE? y/Y FOR YES... a/A TO ABORT...'); 

CH :» UPCASE(READKEYy;WRITELN; 

IF CH - 'Y' THEN GOTO 50; 

IF CH * 'A' THEN GOTO 52; 

II :* II + L; GOTO 32; 

END; 

50: IF L * M THEN 
BEGIN 

FOR J :* 0 TO L-1 DO TEHP2tIl+Jl :» TEMP13(J+1); 

II :* II + L; 

END; 

IF L<M THEN 
BEGIN 

J1 :« Il+(OCC-l)*(M-L); 

FOR J := 0 TO L-1 DO TEMP2[J1+J) ** TEMP13(J+1); J :* Jl+L; 

FOR K :* I+(M-L)*(LIMEOCC-l) DOWNTO J DO TEMP2(K+M-L] :* TEMP2[K]; 
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J :* Jl; 

FOR K t* L+1 TO M DO 
BEGIN 

TEMP2[J+L]:- TEMP13{K]; J :* J+1? 

END; 

II ;*I1+L; 

END; 

IF L>M THEN 
BEGIN 

Jl :» Il-(OCC-l)*(L-M); 

FOR J j* 0 TO M-1 DO TEKP2[J1+J] i- TBMP13[J+1]; 

J :* (II + L) - (L-M)*OCC; 

FOR K t* Il+L TO I DO 
BEGIN 

TEMP2(J] TEMPtK); J :* J+1; 

END; 

FOR K :* I DOWNTO I-LINEOCC* (L-M)+1 DO TEMP2tKJ f CHR(O); 

II :« II + L; 

END; 

32:END; 

IF OCOO THEN LINK* .LINETEXT l* TEMP2; 

OCC :* 0; LINK t- LINK* .NEXT;LINEOCC :* 0; 

END {IF} 

ELSE LINK :» LINK*.NEXT; 

END {WHILE}; 

LINK :« LINK*.NEXT; 

WRITELN; WRITELN('TOTAL OCCURANCES * ',TOCCj5); 

IF TOCO 0 THEN 
BEGIN 

CODNT2 :* COUNT2 + 1; WRITELINES; 

END; 

52:END; 

BEGIN 

PARCOUNT :» PARAMCOUNT; 

1: CLRSCR ; TEXTCOLOR (YELLOW) ; 

WRITE ( '-- J, 

WRITE { '--') ; TEXTCOLOR ( RED) ; 

WRITE('WELCOME TO THE SEARCH AND REPLACE ROUTINES BY PROF.K. J.SATAO,C') ; 
WRITE{ ' .O.E. ,PUSAD, INDIA') ; TEXTCOLOR (YELLOW) ; 

WRITE( '- ,yj 

WRITE ('-' ) ; TEXTCOLOR (YELLOW) ; 

WRITE('YOUR COMMAND PL,'); 

TEXTCOLOR (CYAN) ;WRITE( 'S'); TEXTCOLOR (YELLOW) ; WRITE ( '-SEARCH/') ; 

TEXTCOLOR (CYAN) ;WRITE( 'R'); TEXTCOLOR (YELLOW) ;WRITE( '-REPLACE/') ; 
TEXTCOLOR (CYAN+BLINK) ; WRITE ('Q') ; TEXTCOLOR (YELLOW) ; WRITE ( '-QUIT ') ; 
READLN (COMMAND) ; WRITELN; TEXTCOLOR (YELLOW) ;WRITELN; 

COMMAND :« UPCASE (COMMAND) ; 

IF ((COMMANDO'S') AND (COMMANDO'R') AND (COMMANDO' Q')) THEN GOTO 1; 

IF COMMAND - 'Q' THEN 
BEGIN 

WRITELN; TEXTCOLOR(CYAN+BLINK) ;WRITELN('SEE YOU AGAIN. . .BYE...'); 

WRITELN; TEXTCOLOR(YELLOW) ;GOTO 2; 

END; 

{ROUTINES SEARCH AND REPLACE START} 

IF PARCOUNT » 0 THEN GETNAME ELSE FILENAME ;« PARAMSTR(1>; 

FILETEST;PARCOUNT :=0; 

IF DONE THEN 
BEGIN 

WRITELN; WRITE ('INVALID FILE NAME, , .STRIKE ANY KEY TO CONTINUE...'); 

CH !* READKEY;GOTO 1; 

END; 
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FINDFIRST(FILENAME,ARCHIVE,DIRINFO); 

CHECK_ERROR; FSpl it (FILENAME, D, Nl, E); 

IF DOSERROROO THEN 
BEGIN 

WRITELN('STRIKE ANY KEY TO CONTINUE.,.'); CH READKEY; GOTO 1; 
END; 

COUNT2 1= 0; COUNTl :» 0; 

WRITE ( ' DO YOU WANT TO IGNORE CASE 7 y/Y FOR YES 
READLN(CASEl); CASEl s* UPCASE(CASEl); 

WRITELN;WRITE('7 OR * CAN BE USED AS A WILD CHARACTER...'); 

WRITE('USE IT? y/Y FOR YES...'); 

READLN(WILD); WILD ;» UPCASE(WILD); 

WRITELN; 

3: WRITELN;WRITE('WHICH STRING?(MAX 20 CHARACTERS) '); 

FOR I ;* 1 TO 20 DO 
BEGIN 

TEMP12(I] :« CHR(O); TEMP14(I] :* CHR(O); 

END; 

L :* 0; 

WHILE NOT EOLN DO 
BEGIN 

L L+1; READ(TEMP12(LJ ) ; 

END;READLN; 

IF L *0 THEN GOTO 3; 

IF CASEl » 'Y' THEN 
BEGIN 

FOR I:*l TO L DO 
BEGIN 

CH :* TEMP12(11; 

IF ((ORD(CH)>*97) AMD (ORD(CH)<*122)) THEN 
TEMP12(I] :* CHR(ORD(ORD(CH)-32)); 

END; 

END; 

B12 :=TEMP12;WRITELN; 

IF COMMAND * 'S' THEN 
BEGIN 

FINDFIRST (FILENAME, ARCHIVE, DIRINFO) ; 

WHILE DOSERROR * 0 DO 
BEGIN 

CH ;= 'N'; READ_NEXT_FILE; 

WRITELN('SEARCHING IS GOING ON...'); 

SEARCH(START,STOP,B12); 

RELEASE(PI); 

IF CH * 'A' THEN GOTO 4; 

FINDNEXT(DIRINFO); 

END * 

4s WRITELN;WRITELN('TOTAL NO. OF FILES SEARCHED » ',COUNTl);WRITELN; 
WRITELN ('TOTAL NO. OF FILES HAVING THE STRING * ' ,COUNT2); WRITELN; 
WRITE('STRIKE ANY KEY TO CONTINUE. ..') ;CH »« READKEY; GOTO 1; 

END {CASE FOR S>; 

IF COMMAND * 'R' THEN 
BEGIN 

WRITE{'BY WHICH STRING?(MAX 20 CHARACTERS) '); 

FOR I ;* 1 TO 20 DO TEMP12tIJ ;* CHR(O); M s* 0; 

WHILE NOT EOLN DO 
BEGIN 

M M+1; READ(TEMP12(M] ) ; 

END; 

READLN; B13 :• TEMP12; WRITELN; 

WRITE('REPLACE BY QUERRY 7 (y/Y) '); 

READLN(QUERRY);QUERRY :* UPCASE(QUERRY); 
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FINDFIRST(FILENAME,ARCHIVE,DIRINFO); 

WHILE DOSERROR = 0 DO 
BEGIN 

CH :» 'N'; READ_NEXT_FILE; 

WRITELN('REPLACEMENT IS GOING ON...')? 

REPLACE(START,STOP,B12,B13)? RELEASE(Pi); 

IF CH = 'A' THEN GOTO 5; 

FINDNEXT(DIRINFO); 

END? 

5: WRITELN;WRITELN('TOTAL NO. OF FILES SEARCHED * ' ,COUMTl) ?WRITELN? 
WRITELN('TOTAL NO. OF FILES REPLACED * ',COUNT2)?WRITELN? 

WRITE ('STRIKE ANY KEY TO CONTINUE. ..') ?CH :* READKEY? GOTO 1? 

END {CASE FOR R}? 

2: END. 
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A PHONEME IDENTIFICATION SYSTEM 

TESSAMMA THOMAS C.S. SRIDHAR 
Department Of Electronics 
Cochin University Of Science and Techonology 
Cochin - 682 022, India- 

ABSTRACT: A knowledge based phoneme identification method is 
presented in this paper. All the 36 phonemes present in the 
British English language are considered. The salient features of 
the speech signals, like short time energy <STE>, short time 
zero-crossing rate (STZCR), correlation coefficients, pitch 
period, etc. have been made use of, for the identification. The 
fact that voiced phonemes like vowels and nasals have higher 
energy than other phonemes, forms the basis for the 
classification. Based on the average STE content in the phoneme, 
the 36 phonemes are first categorised into three groups. Within 
GAcb groupf a rungfi of values ai^e fixed up for the various 
parameters, and a final identification is donee 

INTRDDUCTIQNi A phoneme is the basic unit of any word in any 
language, which describes how speech conveys a linguistic 
meaning. Roughly speaking, a phoneme is a group of similar, but 
not identical, sounds that differ from one another in accordant:# 
with the context in which each occurs C13. 

The air we inhale in, is pushed out of the lungs through the 
trachea, past the vocal chords and into the pharynx, and finally 
comes out through the mouth or nose or both, and is perceived as 
speech. Based on the mode of vibration of the source of 
excitation, speech sounds are broadly classified as voiced and 
unvoiced. Depending on the position of the different articulators 
in the process of the production of the various sounds, they are 
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subdivided to form ten groups < as shown in fig.l), containing 
altogether 36 phonemes C23. 

Phonemes 


Consonants 


Diphthongs Vowels 




Front Middle Back 

/A^E^3/ /o,v>^(),0./ 


Semi-vowels 


Nasals Glides 


Fricatives 


Voiced Voiceless 


Plosives 


Voiced Voiceless Affricates 

lb,d.9f jp^t,kl IdlMf 

Fig.l The Phonemes of British English C23 


FEATURE EXTRACTION FOR CREATING A KNOWLEDGE BASE 


Three to four words each, were chosen for each of the 36 
phonemes. The region corresponding to the particular phoneme was 
manually separated from each word, by plotting on a VDU, and then 
re—checking it by reconstruction and listening. The data 
corresponding to each phoneme were stared in different files. 
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It is reported that £4,5,63, the vocal tract rings' for a 
duration of about 10 ms. For a sampling frequency of 8 kHz, it 
corresponds to 80 samples. Hence, the speech data vMere grouped 
into segments of length 00 samples. The parameters like, STE, 
STZCR, STZCR-energy product <ZEP), STZCR to STE ratio (ZER>, 
correlation coefficients for lags 1 and 2, and , etc. were 
evaluated for each segment and a set of average values were 
calculated for each selected phoneme, in the different words 
chosen. From these, a range of values were obtained for each 
parameter, for each of the 36 phonemes. A list of the values of 
the different parameters useful in the phoneme identification 
process, is given in Table 1. 

Studying the energy ranges of the different phonemes, three 
different ranges were fixed, and the phonemes that fall in a 
particular range were grouped together. If a particular phoneme 
has energy values in any two different ranges, they are included 
in both the groups, and are finally identified based on the 

parameters chosen in that particular group. 

The energy limits obtained in the study were 0.09 to 0.47 
and the three different ranges chosen were 0-09 to 0.17, 0.17 to 
0.23, and 0.23 to 0.47. The phonemes that come under the topmost 
energy group (Group”*!) , are mostly the nasals and the vowels. 
Broup-II contains the higher energy plosives, glides and 
fricatives, and low energy vowels. The third energy group 
contains phonemes having comparitively lower correlation than the 
higher energy phonemes of Group I and II. Within each group, a 
final identification is done, by fixing up different ranges for 
the values of ZCR, ZEP, ZER, pitch-period, and the ratio 
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T»l>le 1 


Analysis r.snlts of all the 36 phone.., in British English 


Phoneme STE 

STZCR 

ZEP 

2ER 


/l 

fi'Tt. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

- V 4. 

(I?) 

/ b/ 

.13-.15 

1140-1458 

170-187 

7670-11,390 

4.875 

.83-.865 

1.3-1.9 


.19-.21 

792-1150 

151-180 

4047-414* 

4.625-5.00 

.91-.94 

1.1-1.3 

Id/ 

.14-.16 

1479-1536 

210-240 

7800-10300 

5.0 

.75-.80 

1.0-1.013 

/9 / 

.15-.157 

1020-1220 

145-190 

6800-7750 

4.875 

.89-.90 

1.02 

/ t>/ 

.14-.163 

1075-1350 

150-220 

7675-8310 


.82-.85 

1.65-1.90 

/ t / 

.14 

1321 

180 

9645 


.87 

1.16 


.18 

979 

174 

5500 

— 

.905 

1.40 

/k/ 

.17-.183 

658-792 

116-145 

4050-4350 


.92-945 

1.14-1.15 

/\jj / 

.13-.166 

946-1016 

127-170 

6120-7035 

4.3-4-625 

.91-,915 

1.2-1.3 

/^/ 

.11--125 

670-830 

71-104 

6200-6650 

4.75-4.875 

.92-.94 

1.15-1.2 

fi / 

.14-.15 

1140-1625 

160-250 

7979-10,690 

4.75-4.875 

.79-,88 

1,1-1.25 

H / 

.196 

875 

171.5 

4465 

4.75 

.913 

1.127 

/ ■^ / 

.09-.13 

1300-1500 

122-201 

11194-13873 


.63-.93 

1.19 

/f / 

-19-.20 

645-750 

125-150 

3329-3740 

— 

,86-.89 

1.10-1.2 

/G/ 

.194 

1083 

210-210 

5574 

— 

.84 

1.127 

/ S / 

.23-.29 

560-710 

160-163 

1960-3080 

— 

.91-.93 

1.14-1.16 

/Jf 

.17-.24 

571-1812 

94-193 

3420-3460 

— 

.90-.93 

1.09-1.13 

/i / 

.28-.29 

530-535 

150-190 

1870-2320 

4.125 

.87 

1.055 

/X / 

.2-.227 

525-646 

119-131.14 

2312-3185 

4.125 

.89-895 

1.08-1.12 

/ z/ 

.18-.22 

833-875 

155-189 

4050-4450 

4.625 

.91 

1.22-1.25 

/ac/ 

.097-.14 

1500-2375 

204-230 

10,980-24,540 

5,o' 

.37-,60 

1.3-2.14 

/J / 

.18-.22 

840-857 

157-186 

3958-4670 

4.375-4.75 

.93 

1.2-1.21 


-24-,25 

911-917 

224-230 

3615-3750 

4.125-4.5 

.93-.935 

1.21 

/ A/ 

-11-.115 

1438-1650 

157-190 

13,192-14410 

4.375-4.875 

.67-.69 

__ 

/ 3 / 

.31 

708 

220.72 

2270 

4.125 

.94 

1.112 

/ cu/ 

.095-.13 

1060-1150 

132-150 

8496-8850 

4.625-4.75 

.635-,80 

1.25-1-5 

/ O / 

.162 

857 

138.62 

5297 

4,625 

.923 

1.238 

/ 3 / 

.25 

1521 

380.63 

6076.7 

4.5 

.838 

1.06 

/IT/ 

.25-.45 

479 

119-213 

1076-1925 

4.0 

.948-.978 

1.06-1.13 

/ u / 

.23- .274 

429-458 

105-117 

1991-2045 

4.125-4.375 

.958-.97 

1.08-1.12 
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/m/ 

.26-.46 

480-489 

189-221 

1050-1275 

4 .875-5.0 

.94-.97 

1.05-1.09 

/n/ 

.232- .42 

446-460 

187-195 

1060-1955 

4 . 375 - 4.75 

.89- .99 

1.05-1.3 

' 1 ' 

.34-.47 

450-464 

150-220 

987-1340 

4.125 

.97 

1.05-1.06 

/V / 

.12-.13 

859 -1281 

100-172 

7367-9540 

4.875-5.25 

.81-.93 

1.2-1.33 

/6/ 

-205-.207 

608-930 

125-190 

2930-4540 

4.375-4.875 

.94- .95 

1.13-1.15 

/ z/ 

.14 

804 

113 

5734 

4.625 

.84 

1.377 


.199 

518 

103 

2603 

4.625-4.75 

.95 

1.48 


.234-258 

429-562 

110-129 

1663-2444 

4.5-4.625 

.955-.965 

1.16-1.26 


.200 

953 

190.6 

4765 

4.375-4.5 

.925 

1.082 

/dl/ 

.24-.34 

518-641 

156-177 

1514-2630 

4.125-4.875 

.93- .952 

1.05-1.07 

.185 

686 

127 

3700 

4.75 

.935 

1.05 

/tf/ 

.24-.325 

500 

120-163 

1540-2075 

4-125 

.94-.96 

1.05-1.09 


Table ^ 

KNOWLEDGE-BASE FOR THE PHONEME IDENTIFICATION METHOD 

(STE, STZCR ( SHORT TIME ENERGY AND SHORT TIME ZEROCROSSING 
RATE OF THE INPUT SIGNAL)) 

(ZEP, ZER (ZEROCROSSING RATE ENERGY PRODUCT^ AND ZEROCROSSING 
RATE BY ENERGY)) 

(K^ (HRST REFLECTION COEFnCIENT)) 

(PP (PITCH PERIOD OF THE INPUT SIGNAL)) 

f o (NORMALISED CORRELATION COEFFiaENTS FOR LAGS 1 AND 2 ) 

1 z 

( j)' (RATIO OF f 1 *0 / 2 ) 

1 IF i STE 4 .47 

THEN GROUP I (j. ^ , a , ^ .t/.m. n .>7 . V. u. . 2 >t ) 

2 IF GROUP I = YES AND STZCR = 1515 ± 10 OR ZER = 6000 i 100 
OR ZEP = 370 ± 10 

THEN PHONEME /O / 

3 IF GROUP I = YES AND STZCR = 910 + 100 
OR ZEP = 225 i 5 

THEN PHONEME /J / 

4 IF GROUP I = YES AND STZCR = 810 ± 10 



OR ZER = 3400 ± 100 OR ZEP - 195 ± 10 
THEN PHONEME // / 


IF GROUP I = YES AND STZCR = 710 ± 10 
OR ZER = 2200 ± 100 OR ZEP = 215 + 5 
THEN PHONEME / 3 / 

IF GROUP 1 = YES AND STZCR = 630 70 

AND / 2 ' ^ *01 

THEN PHONEME / 5 / 

IF GROUP I = YES AND STZCR = 580± 70 
AND f 2 = *84 ± .01 
THEN PHONEME / c/J / 

IF GROUP I = YES AND STZCR ^ 530 ± 5 
AND = .87+ .01 

THEN PHONEME /i/ 

IF GROUP I = YES AND STZCR = 500 ± 5 
and f j = 0,93 + .01 
THEN PHONEME /tf/ 

IF GROUP I = YES and STZCR = 480 + 5 
AND PP = 4.875 + .125 AND ZEP = 200+ 20 
THEN PHONEME /m/ 

IF GROUP I = YES and STZCR = 480 + 2 
AND PP = 4.0 + .125 AND ZEP = 165 Jr 50 
THEN PHONEME /ir / 

IF GROUP I = YES and STZCR = 450 J 10 
AND PP = 4.25 J .125 
AND = -.96 1*05 
THEN PHONEME / U / 

IF GROUP I = YES and STZCR = 490 ±70 
AND PP = 4.5 +.125 AND = -945+.05 
THExN PHONEME /^Z 



IF GROUP I =» YES AND ST2CR - 455 i 10 
AND PP « 4^ ±:25 
THEN PHONEME /f) / 

IF GROUP I = YES AND STZCR =* 455 10 

AND PP = 4.1251 0 
THEN PHONEME / r] / 

IF ,17 4 STE < .23 
THEN GROUP 0 

IF GROUP n = YES AND STZCR = 1310 2 20 
OR ZER = 96501 10 AND f ^ = .905 1.05 
THEN PHONEME /t/ 

IF GROUP n = YES AND STZCR = 10701 20 
OR ZER == 55501 100 AND f ^ = .84 1 .05 
THEN PHONEME / (9 / 

IF GROUP n = YES AND STZCR = 950 ± 20 
OR ZER == 4750 ±50 AND f ^ = .925 2 .05 
THEN PHONEME / J / 

IF GROUP n = YES AND STZCR = 875 2 20 
AND ZER * 4460 150 AND * .9151.05 

THEN PHONEME /]/ 

IF GROUP n = YES AND STZCR = 850 ± 20 
AND ZER « 4300 ± 350 AND = .930 2 .05 

THEN PHONEME /3 / 

IF GROUP n * YES AND STZCR - 815 2 25 
AND ZER ^ 4100 2 50 AND “ .925 2.15 

THEN PHONEME /b/ 

IF GROUP n = YES AND STZCR = 770 2 160 
AND ZER » 3750 2 750 AND = .9452 .05 

THEN PHONEME J 6 / 
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24 IF GROUP n = YES AND ZCR - 740 1 60 
AND ZER - 4150 ± 100 AND f - .93 + .15 
THEN PHONEME /k/ 

25 IF GROUP D = YES AND STZCR •= 700 ± 60 
AND ZER - 3540 + 200 AND f - .875+*15 
THEN PHONEME / f / 

26 IF GROUP n = YES AND STZCR = 680 ^tJO 
AND ZER - 3700 ±50 AND f. = .935 ±..05 
THEN PHONEME /Jj/ 

27 IF GROUP n = YES AND STZCR = 585 ± 60 
AND ZER - 2750 ± 450 AND f j - .89 + .05 
THEN PHONEME /!/ 

28 IF GROUP n = YES AND STZCR = 530 ± 20 
AND ZER = 1870 + 20 AND f - J7 ± .05 
THEN PHONEME /£/ 

29 IF GROUP n = YES AND STZCR = 510 ± 10 
AND ZER = 2600 ± 20 AND f, = .925 ± .10 
THEN PHONEME /E / 

30 IF .09 STE < .17 

THEN GROUP m (t, w, r, v, 2 , o, b, d, g, p, I, h, 36 , AO, ) 

31 IF GROUP in = YES AND STZCR - 1940 ± 540 AND ZEP - 220 ± 15 

OR ZER > 18000 AND - L85 ±.45 

THEN PHONEME /S / 

32 IF GROUP III = YES AND STZCR - 1550 ± 100 AND ZEP - 175 ±15 
OR ZER = 13800+ 600, AND f*’- XHS ± 35 

THEN PHONEME / A / 

33 IF GROUP III = YES AND STZCR = 1510±30 AND ZEP » 225+ 15 
AND ZER - 10050 ± 2500 AND f'= 1.01+.01 

THEN PHONEME /d/ 

34 IF GROUP III = YES AND STZCR = 1400 + 100 AND ZEP = 160± 40 
AND ZER = 12500+ 1400 AND / ’ - 1.8 ± .1 

THEN PHONEME /h/ 
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35 IF GROUP m = YES AND STZCR = 1400i 250 and ZEP = 205:1 45 
AND ZER - 9300 :± 1300 AND /' = 1.15 ± .075 

THEN PHONEME / i / 

36 IF GROUP III = YES AND STZCR = 1260 ^200 AND ZEP = 140 it 10 
AND ZER = U500± 3500 AND f' = 1.45+ .02 

THEN PHONEME /dL/ 

37 IF GROUP ra = YES AND STZCR = 1300+ 160 AND ZEP = 180 + 10 
AND ZER = 9500 It 2000 AND f'= 1.6 + .3 

THEN PHONEME /b / 

38 IF GROUP ni = YES AND STZCR = 1200^150 AND ZEP = 185+35 
AND ZER - 8000± 330 AND f'= 1.8 + .15 

THEN PHONEME /p/ 

39 IF GROUP HI = YES AND STZCR = 1120 ± lOO AND ZEP = 170 t 25 

AND ZER = 7300 500, AND /'= 1.02+ .01 

THEN PHONEME /f / 

40 IF GROUP UI = YES AND STZCR = 1080+ 220 AND ZEP = 135 ± 35 
AND ZER = 8500 ± 1050 AND /*= 1.95 + .25 

THEN PHONEME /V / 

% 

41 IF GROUP in = YES AND STZCR = 980 + 35 AND ZEP = 130+44 
AND ZER - 6570 ± 450 AND f‘ = L45+.15 

THEN PHONEME /w / 

42 IF GROUP HI = YES AND STZCR = 980 ± 10 AND ZEP = 175 ± 5 
AND ZER = 5500 + 100 AND f'= 1.16 + .05 

THEN PHONEME /t/ 

43 IF GROUP m = YES AND STZCR = 855 + 10 AND ZEP = 140 + 5 
AND ZER = 5300+ 100 AND f'= 1.2 +.05 

THEN PHONEME /o/ 

44 IF GROUP m = YES AND STZCR = 805 + 10 AND ZEP = 115+ 5 
AND ZER = 5750+ 100 AND /' = 1.18 + .05 

THEN PHONEME /2 / 
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45 IF GROUP m = YES AND STZCR = 750 i 80 AND ZEP = 90 ± 20 
AND ZER « 64501 200 AND 1.175 ± .025 

THEN PHONEME /r / 


f///i . The detailed algorithm developed is shown in Table 


SIMULATION STUDY OF THE PHONEME IDENTIFICATION SYSTEM 

Speech signals were low—pass filtered to 4 kHz, sampled at 
8 kHz and encoded to 12 bits to form the data samples. The region 
corresponding to each phoneme was separated and stored in 
different files. Each set of data was then normalised, such that 
the maximum value of the samples in the set is unity. They were 
then grouped into blocks of 80 samples and a set of average 
values were obtained for the different parameters, in the case of 
each phoneme. The above algorithm was then applied. The 
recognition score was high, when data from the training sequences 
were used. 

If more and more words are considered for each phoneme, the 
limiting ranges of the different parameters might change. Then 
the number of groups into which the phonemes were initially 
divided, based on STE, can be increased, and the same procedure 
be applied effectively. Further work has to be done to make the 
system speaker independent. 
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ABSTRACT 

In this paper determination of proper order for 
autoregressive model for a piece of music is 
described. The modelling is done in view of estimation 
of a piece of music for restoration. The signal is 
transformed In frequency domain. The modelling is then 
done for each spectral component i.e. bin. The order 
of the model for each bln is determined in an adaptive 
manner* Processing is done digitally through FFT and 
IFFT. The hardware used is commonly available PC-AT 
with sufficient RAM. The technique can be implemented 
on any other machine as well. Results give comparison 
of fixed order modeli partially adaptive model and 

t 

fully adaptive model* 

1.INTRODUCTION 

The signal being modelled is a piece of recorded 
music. Model is to be used for restoration of the signal 
in a small portion of recording which is either damaged 
or is deteriorated through heavy noise. Such portions 
are termed as breakages. The signal on either side of 
the breakage is assumed to be noisefree. 

Composition in a piece of music is more important. 
The spectral description of such a signal is complex and 
varies with time in a peculiar manner depending on the 
type of music. Individual spectral components may vary 
in different manner. It is this aspect which makes 
modelling of each bin important. The order of the model 
for each bin has to be decided individually so that the 
variations are properly reflected in restored part. 
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2.MODEL AND MODEL ORDER ESTIMATION 
2.1 Selection of model 

Since many deterministic as well as stochastic 
discrete time processes In practice are well approximated 
by Rational Transfer Function Model, Transfer Function 
modelling is used as against extrapolation. System 
transfer function H(z) between input sequence > and 

output sequence (Xyj, ) for Autoregressive Moving Average 
Model is given by 


H(z) = B(z)/A(z) 
where 


A( z ) 


= Z transform of autoregressive branch 

P 


— ^-j a 
m.=o 


m 


B(z) = Z transform of moving average branch 


w 

Tn=o 


, -hr\, 

bjrv^z 


Depending on whether none of the sots of 
parameters (a*s & b's ) vanish or either of them vanish, 
the process caii be modelled as ARHA or only AR or only 
HA. However in general Autoregressive Model with proper 
order can describe the process properly although the 
process is close to ARMA or MA • Thus an autoregressive 
process of order p is expressed as 

P 

where the sequence Xf^ is a linear regression on 
itself and n^ representing the error. Present value of 
the process is expressed as weighted function of the past 
values and a noise term. 
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The Yule Walker equation 


Rxx(O) Rxx(-l) . 

Rxx(l) Rxx(O) . 

e • 

.. Rxx(-p) 

. , , Rxx(-(P“1 ) 

• 


1 

a 1 

0 

- 

0 

0 

0 

• • 

• • 

j^xx(p) Rxx(p“l) . 

. . . Rxx(0) 


* 

ap 


• 

0 


describea the linear relationship between the AR 
parameters and the autocorrelation function. 


2.2 Selection of Model Order 

In view of making model order selection adaptive 

in nature the following criteria were tried. 

(1) FINAL PREDICTION ERROR (FPE ) 

This criterion is defined as 

/ N + p + 1 

FPE = Ep I- 

\N-p-l 

The model order (p) selected la one for which FPE 
18 minimum• 

(2) AKAIKE INFORMATION CRITERION (AIC) 

The AIC determines the model order by minimizing 

an information function 

AIC a .N In(Ep) + 2p 

The model order (p) selected is one for which AIC 
is minimum. 

(3) MINIMUM DESCRIPTION LENGTH (MDL) 

According to MDL criterion, we compute 
MDL a N In(Ep) + p ln(N) 
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Again for the correct model order (p) MDL is 
minlraura. 

2.3 Modelling of Signal represented in frequency domain 

In the present system, the signal being processed 
is recorded music. Composition of such a signal is quite 
complex since it would normally contain vocal music 
accompanied by musical Instruments. In case of such a 
combination the spectrum representing signal not only has 
distinct frequeueies/bands, the strengths of individual 
components vary in different manner* The signal is 
therefore represented in a better manner in frequency 
domain* Under these circumstances it would be proper to 
predict values of frequency components rather than signal 
values in time domain. This approach also simplifies the 
matrix operations Involved in the modeling procedure 
since matrices to be dealt with for individual bins are 
smallerlnsize. 

This processing involves transformation of signal 
in time domain to frequency domain through FFT. Proper 
Windowing and Overlapping of frames minimize distortion. 
Individual bin values over several frames are used for 
prediction. Predicted values of all the bins are 

I 

transformed to time domain through IFFT. 

3.IMPLEMENTATION 

The system is implemented on a 386 based IBM 
compatible computing machine with fast ADC card. The 
signal is sampled at 44 Ksampies per second and through 
expanded memory is stored on the hard disc. Due to 
hardware limitation further processing is done in an 
offline manner. The basic technique, however does not 
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need offline procesolng. The block diagram of the system 
implementation is shown in Fig.l* Stored samples are 
divided into overlapping frames and Fourier transform for 
these frames Is evaluated with Kaiser window preceding. 
Individual bin values for N = 612 sample frame are 

evaluated for k « 15 consecutive overlapped frames and 

are used to predict bin values for (k+1) frame. IFFT is 
evaluated taking into consideration all such predicted 
bin values for (k+1) frame. Inverse windowing and 
selection of proper portion of computed IFFT for 
outputting is carried out in order to minimise 
distortion. 

Important features of software are as follows. 
Expanded memory is used for larger storage. Kaiser 
window with P = 6 1 s selected as window function. 

Overlapping of frames is done through software while 
acquiring samples for FFT. The Cooley Tukey algorithm is 
used for FFT and Burg's algorithm is used for model 
order evaluation. 

4.RESULTS 

Fig. 2 1 Fig. 3 shows results under different 

cond1tion8•The8e were obtained by considering an 
artificial breakage Introduced in the recording so that 
the comparison can be made between actual signal and the 
predicted signal during the breakage Interval. Important 
features are tabulated in Fig. 4 and are as follows - 

The prediction error decreases as the number of 
frames taken for prediction increases. The error is less 
when every bin is allowed to use an adaptive model order 
for itself. For most of the bins the model order selected 

it 

was found to be between 4 and 9. Some other important 
observations are as follows - 
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For a rapidly changing piece of music (Fig. 4| 
Part A) th<' number of hlnn with model order between 7 - 
9 is 242. The number of bins with model order between 10 
- 12 and 13 - 16 is also large as compared to those for a 
slowly changing piece of music (Fig«4» Part B). As 
against thisi for a slowly changing piece of music bins 


with 

model 

order 

between 

4 - 

( la 266. 

Number 

of 

bins 

with 

mode 1 

order 

between 

1 - 

3 , which 

la 96, 

is 

also 


large as compared to those for a rapidly changing piece 
of music. Least error occurs when the model order 
selection Is adaptive in nature. For a fixed order model 
(for each bln), the order if chosen according to the type 
of music, i.e. large (7) for faster and small (4) for 
slower, introduces lesser error. Selection of very high 
model order (14) Introduces the largest error In both 
cases, more so with slowly changing piece of music. 
Amongst three optimization criteria used, it is observed 
that the Akaike Information Criterion (AIC) gives the 
least error in both the cases. 

5.CONCLUSION 

It may be concluded that making model of every 
bin adaptive gives least error. But this also requires 
largest time. A compromise may be made by having the 
model order fixed for all bins, with model order chosen 

intelligently as per the type music. 

* 
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RESULTS WITH A PIECE OF FAST MUSIC 
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ON THE GAUSSIAN APPROXIMATION ANALYSIS OF 
M-ARY SIGNALLING IN DIRECT DETECTION 
OPTICAL CDMA COMMUNICATION SYSTEMS 


Ms.M. Meenakshi and Dr- V.C. Ravichandran 


ABSTRACT 

Performance of direct-detection optical code division 
multiple-access communication systems with Avalanche photo diode 
(APD) photo detectors for binary and M—ary (M=4) signalling formats 
are analysed and presented in this paper. Analysis using Gaussian 
approximation for the symbol error probability (PSE) is carried out 
with APD'a and arbitrary {0^1} - valued optical signature 

sequences. Multiple user interference, inter-symbol interference, 
shot noise and receiver thermal noise that cause variations in the 
symbol error probability are included in this analysis, optical 
orthogonal codes with auto- and cross correlation coefficients of 
unity are considered for the numerical analysis- The results of 
the above analysis reveals that (i) the symbol error probability 
decreases for higher values of mean signal photon count per symbol, 
(ii) the symbol error probability offered by this system is minimum 
for an optimal range of the mean gain (G) of APD, (iii) as the 
number of users (K) increases the system performance is degraded, 
(iv) systems with Q-ary signalling scheme perform better than that 
of binary signalling scheme with respect to symbol error 
probability, nevertheless system complexity cannot be minimized. 
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I. INTRODUCTION 

The CDMA techniques have been well applied to digital radio¬ 
frequency (RF) systems and good results obtained in the recent 
past. At present there is an increasing interest in applying this 
technique to optical communication systems to utilize the enormous 
bandwidth offered by modern fiber links. 

Analysis is carried out in determining the symbol error 
probability with binary and M-ary signalling formats for multiple 
user systems. The random nature of the APD photo detector poses a 
major difficulty in the analysis. Due to the complicated nature of 
the statistical description of the response of the APD to incident 
photons, the APD output is modelled as a Gaussian process. The use 
of Gaussian approximation in the calculation of system error 
probabilities for binary signalling format has been shown [1] to be 
quite accurate in situations where the bulk leakage current of the 
APD itself is of the order of nA, the APD gain is a few hundred, 
and background light levels are not negligible. 

The model for an optical CDMA communication system is shown in 
Fig.l. There are 'K' simultaneous users among 'U' multiple users 
transmitting data in binary or M-ary format, continuously and 
asynchronously- The optical characteristics of the 'U' lasers used 
are assumed to be identical. Also perfect synchronization between 
the transmitter and the intended receiver, is assumed. At the 
transmitter each user is assigned M mutually orthogonal {0,1}- 
valued periodic spreading waveforms, a^^^j (t) , j = 

k = 1,2. ...K of period Tg. To transmit a data symbol, the kth user 
modulates its laser with the corresponding spreading waveform for 
a symbol duration of Tg seconds. The laser lights are assumed to 
be noncoherent so that the optical signals of the users are 
additive in intensity. At the receiving end, the received optical 
signal is a super-imposed sum of the 'K' delayed laser outputs. 
The photo detector converts the received optical signal into an 
electrical signal. The optimum receiver for this orthogonal signal 
set consists of a bank of M integrate and dump (or matched) filters 
as shown in Fig.2. This receiver correlates the received signal 
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with the corresponding spreading waveform, j = 

of the reference user (assumed to be the first user) and integrates 
for a data symbol duration of Tg seconds, to form the decision 
statistics Yj , j=l, 2 ,...M and decides that a^^^j was present at its 
input during the corresponding signalling interval if 


max [Y|] 
i 



( 1 ) 


The front end pre-amplifier of the photo detector adds a 
thermal noise component to the decision statistics. 


II. OPTICAL ORTHOGONAL CODE SEQUENCES 

Direct detection optical CDMA systems require {0,1} valued 
code sequences with good correlation properties. Small cross 
correlation between the sequences are required for low multiple 
user interference (MUI) , and small out-of-phase auto correlation 
are required for acquiring and maintaining synchronization between 
a transmitter and the desired receiver, in general. 

An optical orthogonal code (OOC) is a family of {0,1} 
sequences with good auto- and cross-correlation properties. An (N, 
y, X^) optical orthogonal code C is a family of {0,1} sequences 

of length N and weight 7 which satisfy the following two 
properties. 

(i) The auto- correlation property: 

N-1 

^ • ®t+T ^ 

t=o 

for any a € C and any interger t, 0 < r < N. 

(ii) The cross-correlation property: 

N“1 

E a^ . b^^^ ^ 
t =0 

for any a b € C and any integer r. 
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A {0,1}- valued optical code sequence 'a' of length N and 
weight 7' has an equivalent set representation given by 
S = {Sn, s,,..., s 1 } [2] where s^ represents the position of the 
i^th '1' in the sequence. The weight 7 is the total member of Is 
= »a. The difference rectangle, Aj^j, between sequence 

a = (a^; ai.a^.i) and b = ( bo,bi.b„_l) , both with length 

N is defined as 



0 < j < 7“1 (mod N) 
0 < i < 7“1 (mod N) 


(4) 


The integral entries in A^b are the values of the index m such 
that the periodic correlation, 


e 


ab 


N-1 

E 

i=0 


i+m 


are non zero. This difference rectangle method is very efficient 
in evaluating the auto- and cross-correlations [1]. 


in general, for a given code length N and weight y, where 
7(7-1) S N-1 and Xj, = = 1, one can construct at most OOC's 
[2]. <t> is called the size of the code. The value of 0 is upper 

bounded by, 


7 ( 7 ~ 1 ) J 

where the symbol [ ^ J denotes the integer portion of the real 
value X. 

A total of M < N mutually orthogonal sequences can be 
generated from a single sequence by using a shifted or a shifted 
reverse version of the sequence. An M-ary symbol can be 
transmitted using one of the M mutually orthogonal sequences. 
Using shifted reverse OOC sequences has an additional 
synchronization advantage since the periodic cross-corelation 
between an OOC and its reverse is bounded by 2 [1]. 
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In the numerical analysis of this paper, one coincidence 
optical orthogonal codes are considered [2], that have periodic 
cross-correlations and out of phase periodic auto- correlations 
bounded by one. In this scheme, each user is assigned M mutually 
optical orthogonal code sequences of length N, with equal weights 
-y, for transmission. The spreading waveforms a j (t) , 

. _ - P o Qf the k th user can be expressed in terms of the 


code sequence a^^^j — 

as. 


(a 


(k) 


Oj' 




ij' 


(k) 


2 j 


(N-l)j') 


00 


(t) = 


-00 


aC^) . . 

** 13 




( 6 ) 


and 


Where = aW for j = 1,2, ...M and for all 'i' 

'm' Here T = T_/N is the chip time and (t) is a unit amplitude 
rectangular pulse of duration t seconds defined by. 


P^Ct) 


i 


1, 

0 , 


0 < t < r 
otherwise 


(7) 


III. PHOTO DETECTORS 


Avalanche photodiodes offer larger responsivity and are more 
sensitive to the incoming photons. Hence they are more widely used 
than PIH photodiodes. Optical intensity at the APD input results 
in the generation of primary photo electron hole pairs by the 
absorption of incident photons impinging onto the APD. The 
generation instants of these primary photo electron - hole pairs 
are modelled as a Poisson point process of rate X(t). Each primary 
pair then produces a random number of secondary electrons at the 
APD output by avalanche multiplication, which is assumed to be 
instantaneous. The number {gj^} of secondary electrons produced by 
each primary, referred to as the APD gain, are assumed to be 
independant and identically distributed (i.i.d) random variables 

[3]. 


The mean value of the gain is E [g] ^ g and the mean square 
value of g is 

V s E [g^] = t^eff G + (2 - (1/G)) (1 “ ^effl ^ - FG 


( 8 ) 
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where F - [k^ff G + (2 - (1/G)) (1 - k^ff)] is the APD excess 
noise factor. In the above expression, (the ratio between 

the ionization probabilities per unit length for holes and 
electrons in the depletion region) is a fabrication - dependant 
parameter; the lower it is, the better. 

IV- GAUSSIAN APPROXIMATION 

The following analysis is done for the Q-ary (M=4) signalling 
scheme. In this section, the probability of symbol error PSE is 
evaluated by assuming that the decision statistics Yj, j = 1, 2,3,4, 
is approximately Gaussian- Under this assumption, only the mean 
and the various of Yj need to be evaluated and PSE is expressed in 
terms of simple signal to noise ratios. 

Referring to Fig.l. , the modulating waveform for the kth laser 
can be written as, 

(t) = (t)] . (t+ Tg/2)] . (t) 

+ [l-b(>^) (t)] . [bC^) (t+Tg/2)] . a('^)2 

+ (t)] . (t+Tg/2)] . a(’')3 (t) 

+ (t)] . [bt*^) (t+ Tg/2)] . a(’‘)4 (t) (9) 


where, 


b(l^) (t) = S . Pj (t - (2j + 1) Tg/2) 

+ . Pt (t - (2j + 2) Tg/2)) (10) 

Here b^*^^ (t) is the data waveform of the kth user and b^^'jg. 



( 0 , 1 ) 

(t). 


are the alphabets. pT(t) is defined by equation (7) 
j = 1,2,3,4 are the spreading waveforms. 


The following discussion is phrased in terms of making a 
decision about the value of the data symbol 3 = 1 , 2 ,3,4, 

transmitted in the time interval (0,Tg) by the first user. The 
generation instants of the primary photo electron hole pairs, (tj). 
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conditioned on the relative time delays and the data symbols of 
all 'K' simultaneous users is modelled as a Poisson point process 
with inhomogenous rate, 

K 

\(t) = S = 0 (11) 

k=l 

Here is the APD bulk leakage current photon rate and 

(t) is the photon rate from the kth user given by, 

(t) = Xg (1 - l/a) (t) + Xg/a (12) 


In the above expression, Xg = tj P^/h<p is the signal photon 
rate with 'ij' the APD quantum efficiency, 'Pg' the laser power in 
the ON state, 'hv?' the energy of a photon and 'a' the laser 
modulation - extinction power ratio, which accounts for the laser 
leakage effect when a laser is in the OFF state. By combining the 
laser leakage photon rate and APD bulk leakage photon rate together 
to form a total background photon rate Xq , equation (11) can be 
written as, 


K 

X (t) ~ E X'g (t - Tj^) + Xq 

k=l 

where Xq = X^ + Xj^j^ with Xj^ == K Xg/a, X'g = Xg(l“l/a). 


(13) 


The APD surface leakage current is not multiplied by the APD 
gain [3], We model the generation times {t^} of the APD surface 
leakage photon as an independent Poisson point process of constant 
rate Xg^^. 

In Fig.2., the linear time invariant filter output, in units 
of number of electrons, is, 


y. (t) = 1/e [X (t) * hg (t) + Xgj^ (t) * h^ (t) + n (t) ] * hj (t) 

j = 1,2 ,3,4 


1 


e 


V 


N(t) 

H e g^ S (t “ i-q) 
q=l 
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+ 


2 e 5 (t “ tp) 

p=l 


+ n (t) 


* hj (t) 


j == 1,2,3,4 


N(t) Nsi(t) 

~ S 9a S 

q=l ^ P=1 

1 t 

+ -- / n (T) hj (t - r) dr; j = 1,2,3,4. (14) 

e 

where denotes convolution, and N(t) and Ngj^(t) are independent 

Poisson counting processes [4] with intensity functions X (t) and 
Xgi respectively. For simplicity the APD filter responses have been 
chosen to be hg(t) = egS (t) and (t) = bS (t) . The linear 

filter impulse response is. 


hj (t) = • ^Ts ^ 1,2 ,3,4. ( 

At time t = T-, the decision statistics can be written as 


'ij = yj (Ts) = Zj + Zgi + w; j = 1 , 2 ,3,4. (16) 

The noise n(t) at the pre-amplifier input is modelled as 
additive white Gaussian noise with two sided power spectral density 
2Kg Tg/R Where Kg is the Boltzmann's constant, Tg is the equivalent 
noise* temperature, and R is the APD load resistor. The random 
variable W in equation (16) is then zero mean Gaussian with 
variance equal to. 


o 


2 

W 


R 


(17) 


The APD response time must be fast enough to follow the 
spreading waveforms. One common design criterian is to set 
RC.pD = Tg Where is the APD junction capacitance. 


In the receiver of Fig. 2, the APD output is separately 
multiplied by af^i (t) , a(l )2 (t) , a(l )3 (t) , and a(l )4 (t) and 
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integrated for the interval (0, T^) to form the sum Z 2 / and 

Zm respectively, which represent the corresponding number of 


( 1 ) 


( 1 ) 


• f 1) 

secondary electrons collected in the a' a 

windows. Therefore Zj, j *1,2,3,4 can be written as follows. 


( 1 ) 


4 ' 


{ Ij^j + I^J^j 


if was received 

if i j was received 

i. 1 = 1,2 ,3,4. 


(18) 


In the above expression Sj is the number of secondary 
electrons collected m the a^^^j window due to the transmission of 
the sequence a^^^j, through laser 1. 


The multiple user interference term Ij^j is given by 


I 



K 

S 

k=0,k?i 1 



(19) 


where Aj^j is the number of secondary electrons collected in the 

a(l). window due to radiation from laser 'k'. 

3 


The inter symbol interference term is given by. 


I 



4 

Z 


1 = 1 , 3 



( 20 ) 


where is the number of secondary electrons collected in the 

a^^^j window due to the transmission of the sequence 
i = 1 ,2,3,4; i?ij; through laser 1. 


^Oj 


corresponds to the secondary electrons collected in a^^^j 


window due to the background radiation term. In more detail 




E 

1=1 


9l 


( 21 ) 


and 


Tl 


Mli 

Z 

1=1 


9l 



1,2,3,4; iTij 


(2ft) 


where Mj^j is the number of primary electron-hole pairs that are 
generated during the a^^Jj window due to optical radiation from the 
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kth laser, is t:he number of primary electron-hole pairs that 

are generated due to the signal i=l,2,3,4 being 

transmitted through laser 1, and gj^ is the APD gain for the 1th 
primary electron-hole pair. 

For K > 2, the conditional means of the conditionally Poisson 
random variables are, 

T 

f X's dW (t - T^) (t) dt = 

-/ 0 

similarly, 

E[Mii/r,,d(l)_i,d(l)o] = J X's d(l) (t - r^) a(l) j (t) dt = 

^ .. (24) 

Further more, Sj == with Aj^j = E[Mj^j ] = 'y *^c 

and Agj = E[MQj] ~ y 

The discrete aperiodic cross-correlation between the code 
sequences and a^^^ is defined as [5] [6]# 


( 1 ) = 


N-l-l , , 

(t) . a^y^ (t + 1) 

, 0 < 1 < N-1 

t=0 

N-1+1 , , 

E a(>'> 

(t-l) . a^y^ (t) 

, N-1 < 1 < 0 

t=0 

0 


, Otherwise 


(25) 


A two user correlation parameter P for the sequences a (’'J and 
a(y) (with the first user as the reference user), is defined as 

pX,y ( 1 ) = (1-N) + (1); 1 = 0 ,...N (26) 

The conditional means A,^j can be expressed in terms of the P 
parameters as [1]» 
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A„j (T„, dt*").!, d(»")o) = \'s (1> • ’’c 

+ { (1 + 1) “ (1)} (“^k *" ^ 


for 


0 < 1 < Tv ^ (1 + 1) < NT^ 


(27) 


The superscripts x and y, depend on two consecutive data 
symbols arriving at the receiver. They are given by, 


X = 



, = 00 

k 1, 

dWo 

= 00 


1' 

= 01 

kj, 

d^o 

= 01 


2 ' 

d(X:) , = 10 

y = k3, 

d('^)o 

= 10 


3 ' 

4' 

“ li 

k^, 

d^o 

= 11 

(28) 


where k- in general denotes the jth symbol of the kth user. 

D 

A. Moan value of the output 

It follows from equations (16) and (18) that, 

E(Yj/a(^^j transmitted] = E[Sj] + ^[^kjl ’’’ ^ 

Mean value of the signal term is given by, 

E[Sj] — G.E[Mj^j] = GX'g y Tj, 

Mean value of the surface leakage component is given by 


(29) 


(30) 


(31) 


E[Zsll = ^sl '^c 

Mean value of the multiple user interference together with 


that of the back ground radiation is given by, 




.E[Ak^] 


AkjJ = G Xq 7 ^ 


(32) 


Delays are uniform in (O.T^) and data symbols are assumed to be 
equally likely. Therefore for K S 2, 
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EcA^j] = X's 7=/N 


(33) 


Thus from equations (19), (32) and (33), it follows that. 


"y Tj, + (K -1) G X'g Tj, 7^/H 


(34) 


Similarly from equation (20) , the mean of the inter symbol 
interference parameter can be obtained as 


ECIj^j] = G = G X's y^/V 


(35) 


Therefore, 

E[Yj/a^^)j transmitted] =* ®yj/a(l)j 

= G X' 7 T_ + X 1 7 T„ + G 7 T« + K GX' T 27 /N 

S C Si'C O 

= G Mg + (Xgj^/X'g) + G (X^/X'^) ^ G q K (36) 

where ~ mean signal photo-electron count per 

symbol, and q = 7 /N is the average duty cycle of the code sequence. 
It follows from equations (18) and (36) that. 


[Yj/a^^^j^, ipij , transmitted] = *^Yj/a(^)i 

= (Xsi/X'g) Ms + G (X^/X'g) Ms + G Ms q K 


(37) 


Variance of the Output 


The variance of the signal term is given by, 


(38) 

s;] g s * c 

where v = FG^, is the second moment of the APD gain. 

q 

The variance of the surface leakage current component is given 

by, 


Zsi 


X«i T T, 


(39) 
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Therefore, 




/ a(l)j = ^'s 1' + ^sl T' ^ 


+ O'^T. . + <^' 


7 T, 


Ikj ■ ” lij 


(40) 


The variance of the multiple user interference term can be 
evaluated as follows. 




K 

S I E [A\j] - E[Ay.j]2 1 

k=0, k?si 


(41) 


E[A\j] 


° 4 ecA\,) 


N 


Using equation (27), it can be shown that. 


(42) 


E[A\j] = 


16 T, 


X r 

X/Y €{kj^,k2fk3,)C4} 


x,y 


(43) 


where, 


.x,y ^ 


\ / 2 rn 3 N~1 

° ° X [ (1+1)^ + p’‘'y(i)^ 


1=0 


+ p^>y (1+1) p^'y(i) 1 (44) 


Considering the variance of the background radiation term we 


have, 


ElA^oj] - E[A(,j] 


2 = Vg Xo T, 


(45) 


Therefore we have. 


"^Ikj 


Vg )^o -r Tc + Vg 

jj2 >^,2^ 

48 N 


X / ^2 m 

^ S f C 


(K~l) 


N 


K 

E S ^ 

k =2 x,y £ {k3_,k2,k3,k4} 


x,y 



124 


2 


(K-1) 


(46) 


N’ 


similarly the variance of the inter symbol interference term 
is evaluated, 


°iij = 


.—.. Hh 


N 


L iP^q 

(1)_ ;,(!). «(1) 


27 N p,q €{a''*‘^2'^^ ^3' 4^ 


where 


2 X'^s 7^ 


(47) 


N‘ 


iP,q 


N-1 


z [pp.q (1+1)2 + pp.q(i)2 + pP«q(i+i) pP''1(1)1 
1=0 


(48) 


Therefore the conditional variance of Yj becomes, 

2 Kb 7 Tc 


Y-i/a ] 


Vg >^'s 7Tc + >Vsi 7 Tc + 


e2 R 


+ Vg Xc 7 Tc 


K v„ X'^ 7^ Tc g 2 X'2g Tc^ 7* K 


9 s 
N 


N- 


g2 X-2^ Tc^ 

3N 


1 K 

2 2 


.x,y 


16 k=2 x,y € {)C]L» ^2' ^3' ^4^ 


+ (1/5) ^ . (i)^^'^(i)_ a(i) 


;,q €{a(l)2, a(l'3, 


''g l^s + 


XslMs 2 Kb Tg/ig VgXcMs 

_- + - - - + - 

X'g e2R X's ^'s 
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+ 


K V. 




K q 


2 


+ 



1 

16 


S S 

k=2 x,y ^2' ^3' ^4^ 


+ (1/9) 


E 

P/q 


iPrq 

( 1 ) 


c{a 




, 

Similarly, the conditional variance of yj^ when a(l)J^, j f i is 
transmitted is given by, 


n2 , (1). . , . 

° V]/a 1 , 1 4= D 


Vj/a 


( 1 ) 


o2 , (1) . 

" Vj/a D 


j 


(50) 


C, Symbol Error Probablity 


Finally the probability of symbol error assuming a^^^^ as the 
transmitted symbol, is approximated as. 


PSE 


1/4 


+ Q 


“y /a(l)r® 

-i- o 

«-“Yi/a(l)2_ 


‘'Yi/a(l) 1 


^Yi/a(l)2 

- 

®-™Yi/a(l)3 

+ Q 

®-"'Yl/a(l)4 


! 

“'Yi/a(l)s 

^Yl/a(l)4 



In general for any M = 2” we can write. 


PSE 


1/M 


'Yl/a(l)i~^ 
°Yl/a(l )1 


+(M-1)Q 


(51) 


^-“Yi/ad)! 


<^Yi/a(l) i 


( 52 ) 
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where i 7 ^ X, 


since, the values of niv,anH /t2 

^ Yi/a(l)j[ are approximately the 

same for all i < M except i - 1 in this case. 


The optimum threshold '5' is obtained here, by equating 


r* . 

"Yi/ad)!"^ 

and 

*""'Yi/a{l) i 


‘'Yi/a(l)i 

‘"Yi/a(l)i 



14 "! 


Thus, 


6 


^Yi/a(l)i • "-Yi/aCDi + a Yj/aCDi- “ Yi/a(l)i 


(53) 


Yi/a(l)i + Oyi/a(l)i 

By assuming that the threshold lies in the range 6^ < 9 < 
$ 2 , the symbol error probability can be approximated by, 






Ml _ 

V 

PSE = 1 /M - 

Q 

”Yi/a(l)i-ei 

+(M-1)Q 

*2~"'Yi/a(l) i 




‘'Yi/a(l)i 


''Yi/a(l)i 



(54) 


and 


and 




Where i 9 ^ l, i < M 

°Yi/a(l )i 

"■Yi/aCl)! 

‘^Yi/a(l ) i 
"'Yi/a(l)i 


1 < M, i 4 = M 


(55) 


(56) 
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V. NUMERICAL RESULTS 

The following parameter values have been assumed for the 
numerical analysis. 

keff = effective ionization ratio = 0.01 

R = APD load resistance = 1030 n 

T - Preamplifier equivalent noise temperature = 1100°K 

T} = APD quantum efficiency = 75% 


No 2 KgTg 

— = - -- thermal noise two - sided PSD 

2 R 



G 

a 


= 1.15 X 10 ^^ j/n/c^ 

APD bulk leakage current photon rate ~ 6.12 x 10^ 

photons/sec 

10 

APD surface leakage current photon rate = 7.46 x 10 -^ 
photons/sec. 

APD mean gain = 100 

Laser - modulation extincton power ratio = «». 


The received optical power is assumed to be 50 nw at a 

wavelength of 840 nm. Optical orthogonal codes with auto and cross 

correlation coefficient values and X^^ equal to unity are used. 

Sequences with length N = 341 and weight 7 = 5 is used in this 

analysis. The effect of the mean gain of the APD on the probability 

of symbol error is observed, in both binary and Q-ary signalling 

schemes and are shown in Fig. 3. It is seen that for just one user 

—in 

(K = 1), the value of PSE in both cases is of the order of 10 
for the values of 'G' close to 100, As the number of users 'K' in 
the system increases, the mean gain G is required to be a few 
hundreds to achieve minimun symbol error probability. 


To study the effect of the mean signal photon count per symbol 
'/ig' on the system performance is a mean gain of 100 is assumed. 
The comparison of the performance of binary and Q-ary signalling 
schemes with respect to the mean signal photon count per symbol 
is shown n Fig. 4. By considering the symbol error probability 
as the criterion for system performance, Q-ary systems perform 
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better compared to binary systems. However as the number of users 
increases the symbol error probability of the Q-ary systen 
approaches that of the binary system. The system performance 
improves as the mean signal photon count per symbol increases. 

It is observed from Fig. 5 that for a code length of 341 and 
a PSE of the maximum number of simultaneous users 'K' is 5 
for all values of 'Mg'• Assuming that only 20% of the users in the 
CDMA network are transmitting at any instant of time a maximum 
number of 25 users can be accommodated in this network. By 
increasing the length of the code sequence used N > 341 the 
maximum number of users can be increased. 


VI. CONCLUSION 

Performance of an optical CDMA system using Avalanche 
photodiode photodetector for binary and M-ary signalling scheme are 
analyzed with Gaussian approximation for the symbol error 
probability. 

Based on the above analysis carried out, the following 
inferences are made. 

i. The probability of symbol error (PSE) decreases for higher 
values of the mean signal photon count per symbol, 

ii. The probability of symbol error (PSE) offered by this system 

is minimum for an optimal range of the mean gain of APD 

a) 100 to 120 for values of K = 1 and 2 

b) 160 to 200 for values of K = 5 

iii. As the number of users increases, K > 5 the system performance 
is degraded. 

iv. Systems with Q-ary (M=4) signalling scheme perform better than 
binary signalling scheme with respect to the symbol error 
probability, nevertheless the system complexity cannot be 
minimized. 
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The above analysis is eattended for higher values of M i.e. M 

8, 16, 32, 64, for all values of K = 1 , 2 , 5 , 10 , 16 , and will be 

presented later. 
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Abstract- This paper presents the design of a class of fuzzy neural 
network, called fuzzy entropy net and its application to 
recognition of handprinted Oriya characters. A new methodology for 
network training employing fuzzy entropy is introduced. Spline 
transform of the digitized X- and Y- signature waveforms of a 
character are taken in evaluating the ellipse parameters, which are 
used as shape descriptors. Elliptic properties of spline 
coefficients are shown and expressions for the major axis and the 
minor axis of the k-th component ellipse are derived. The fuzzy 
membership function is defined and used for calculation of fuzzy 
entropy. 

I. INTRODUCTION 

The fascination of todays multilayered artificial neural 
nets (ANN) is that it is capable of classifying different classes 
in a multifeature multidimensional space 111. I.K.Sethi [21 has 
presented a two step methodology for designing entropy networks, 
i.e., the mapping of decision trees into a multilayer neural 
network. He has claimed that the above methodology is superior than 
the traditional classifiers in the sense that it specifies a fixed 
number of neurons needed in each layer along with the desired input 
and it leads to a faster progressive training procedure that shows 

each layer to be trained separately. 

In this paper, we have proposed a fuzzy entropy net and 
its application to recognition of handprinted Oriya characters. A 
new methodology for network training employing fuzzy entropy is 
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introduced. Fuzzy entropy is deeply associated with information and 
conditioning (learning) and is no way related to probability theory 
[3-51. We have adopted the fuzzy entropy neasure proposed by De 
Luca and Termini [41 , which is quite intuitive and stuck in the 
fuzzy literature. The spline transform proved to be a powerful tool 
for approximating any function within an interval in the sense of 
minimum mean square error [6.71. Hence> it is used for evaluating 
the spline descriptors of Oriya characters. The Fourier descriptors 
obtained by Persoon and Fu’s [81 method of double projection 
profile requires less number of frequency components while features 
are used in pair. Tai et al [91 and Kuhl et al [101 have suggested 
a set of component ellipses as shape descriptors, where features 
were also used in pair. A similar method of using ellipse 
parameters as shape descriptors for the recognition of Oriya 
characters is adopted. But the main difference of the method 
suggested is that the spline transform of the double projection 
profile is used Instead of Fourier transform. The fuzzy membership 
function (in terms of the major axis and the minor axis of both the 
standard and handprinted characters) is defined and used for 
calculation of fuzzy entropy of a character. 

II. FUZZY ENTROPY NET 

It is clear from the literature that there exist several 
tree generation procedures that are driven by the example pattern 
vector (21. Any one of these procedures can be used to design a 
fuzzy entropy network for a given pattern recognition problem. The 
design of such network provides a direct method of classification 
of a multifeature multidimensional space. In a decision tree, if 
two or more leaf nodes result in the same decision, then the 
corresponding paths are in OR relationship. A layered artificial 
neural network implements ANDing of hyperplanes followed by ORing 
in the output layer. Therefore, one can comment that a layered ANN 
and a decision tree are equivalent. AND/OR relation in binary logic 
is equivalent to MIN/MAX relation in fuzzy logic. An example of a 
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fuzzy entropy net for classification of three unknown classes is 
shown in Fig.l. There are three layers called as the input layer. 
MIN layer and MAX layer. The mapped fuzzy entropy net shown in 
Fig.l has far fewer connections compared to the standard 
feedforward layer network. The mapped network described in this 
section is called as fuzzy entropy net due to its classification 
capability based on fuzzy entropy. The present mapping rule 
transform a sequential decision making process into a highly 
parallel process. Output from a node of the MIN layer is given by 

' X if MIN (x.h.+6) = X 

n = ■' 

iout 

h +6 otherwise 

V i 

where x is the fuzzy entropy of unknown pattern class 

h is the measured entropy of known pattern class 

i 

and 6 is the threshold value 

The number of nodes in both the input and output layer equals the 
number of distinct classes. Output from a node of the MAX layer is 

input 1 if MAX (input 1, input 2)=input 1 

input 2 otherwise 

and input 2 are the outputs from a node of MIN layer 
input layer, respectively. 


n 


iout 


where input 1 
and a node of 



Fig.l. Fuzzy Entropy Net 
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When the output from a node of MAX layer is x, then the 
decision is taken and the node is declared as a terminal node; 
otherwise it is considered as a nonterminal node. Fig.2 displays 
the anatomy of a generic processing element (PE), which can be 
considered as a node in the above fuzzy entropy net. The output 
computation is performed by taking the weighted sum, subtracting 
the threshold, and passing the result through a threshold function 
f( ). Mathematically this operation is defined as 

OUT. = / (a.co.j - (O 

The nonlinear ramp threshold function shown in Fig.3 is used to get 
unit interval output values. The threshold function is described by 
the equation 



if 

X 

> 

r 


II 

H 

if 

1 Y 1 

1 X 1 

< 

r 

(2) 

-r 

if 

X 

< 

r 



where y(~y) is the PE*s maximum (minimum) output value. Although 
(2) is a piece-wise linear function, it is often used to represent 
a simplified nonlinear operation. Each layer of the above fuzzy 
entropy net has been trained separately. 


) 


On 




Fig.2. The Basic PE Fig.3. Threshold Function 

III. SPLINE INTERPOLATION AND SPLINE TRANSFORM 

In an interpolation scheme.the interpolated function is given as 
k 


( 3 ) 




where C are the coefficients to be deter.ined from the input data. 

S (t) aJe basis functions and k is the number of given data points. 

When S (t): k=1.2.3.k; a subset of set of orthogonal 

functions ; are’^ the spline functions; then the scheme is known as 

spline interpolation scheme. The principle of spline interpola 

Kr n ami inn functions has been utilized to develop 
of any function by B-spline luncx^iuuB 

spline transform [6.71. R.Panda and G.S.Rath (71 have presented the 
theoretical Investlgaticn of impulse response identification using 

B-spline series functions and discrete spline transform. The 

a. nf a data sequence X(m), 

discrete spline transform of a 

nrO.1.2..N-1 is defined as 16.71 


S(2k-'1) = 


N 

2T 

N 


. N-1 

.2_i £ X(m) Y . 

m=0 

m 


.5-1 £ X(m).Y 

( n> 

X, m=0 
k 


2k-1 


for k=M when N is even 


for k=l 1 2,..• h-1 
when N is even 
or k“1.2..^ 
when N is odd 


(4) 


and 


N-1 

S(2k)= -- I X(m) 
N 0=0 


for k=0 


2T 

N 


Ti I ^ ^ . „(m) 

.5.1 r X(n).Y 

X, m=0 
k 


for k=l,2,... M-1 
when N is even 
or k=l,2 1 •••* ^ 
when N is odd 


(5) 


u 4 -w anilne transform coefficient, T is the 
where S(k) is the k-th spline transx ^ 

. 1 n la the degree of B-splino, Y la the i 

sampling interval, n is the degree k 


element of the k-th eigen vectorCY^l. \ 

(n) 


is the k-th eigen value 

* ♦..iir I/l‘"’i for the periodic B-spline function, and 

of the system matrix lA 1 for 

M is the integer division of N by 2. 

IV SPLINE DESCRIPTORS OF ORIYA CHARACTERS 
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shape of the object is extracted in compact form from the binary or 
gray level image of the object. The features that describe the 
shape in a compact form are known as descriptors. The shape 
descriptors should exhibit good discrimination capability. In this 
section, a method of shape discrimination using spline descriptors 
is presented. In this technique, the boundary of the character is 
converted into a pair of periodic waveforms and consists of 
projection on the X-axis and Y-axis, respectively. Each projection 
profile designates the change in the coordinate (X-or Y-) value as 
a function of arc length t measured from a chosen starting point in 


the contour. It is a smooth function of t without any sharp 


discontinuity. 


STANDARD HANDPRINTED 
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Fig.4.Standard & Handprinted 
characters *01 k 02’ used for 
digitization 


Fig.5.Signature waveforms 
for 01-character (standard) 
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Fig,4 Illustrates the method of tracing and digitizing 
the X- and y- coordinates of the boundary of characters. In this 
figure, the actual digitization of both the standard and 
handprinted characters (01 and 02) has been shown. The digitized 
signature waveforms of 01-character are shown in Fig.5. 

The digitized X- and Y- signature waveforms are taken in 
evaluating the ellipse parameters.Using the generalized truncated 
fourier series, the X- and Y- signature waveform can be represented 

by 

L L 

\ ^ a (0)+ r cf (2i-l)Sin(2k-l)ie+E O' <21)Cos(2k-l)ie (6) 

* “ i=l i-l 

and 

L ^ 

Y 2= o (0)+ y O (2i-l)Sin(2k-l)ie+E o' (2i)CoB(2k-l)ie (7) 
k ~ y y i = l ^ 

where L indicates the highest harmonic component, the k-th 

transformed coefficient of i-signature waveform and o'^Ck) is the 
k-th transformed coefficient of y-signature waveform and 0 = rt/N. 
when N is large (usually N is greater than 90) X^^ and Y^^ 
approximate to the continuous functions of 0. The average 
components o^(0) and 0 ^( 0 ) represent the location of the geometric 
centre of the contour which do not contain any information of the 
shape. So they are ignored while evaluating ellipse parameters. Let 
X(k) and Y(k) be the coordinates of the curve represented by k-th 
spline harmonic component and are given as 

X(k) = o (2k-l) Sin ka + o (2k) Cos ka (8) 

X * 

and Y(k) = o (2k-l) Sin ka + o'y(2k) Cos k« (9> 

where a denotes the continuous, angular function corresponding 
to the discrete version of 0 and 0 < a < 2n. (8) 4 (9) 

represents an ellipse in parametric form. (8) 4 (9) when 

transformed to polar form with radius vector 

H (R^=/ x^+y^) and polar angle becomes, 

k 
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= p + y cpf - ) sin (2ka*fv>. ) 

k k k K K 

wtici*© 2 2 2 

a (2k-l)+o' (2k)+<y <2k~l)+a (2k) 

2 __jc_I_y_ y 

^k "" 2 

Q = a (2k)<7 (2k-l)-<y (2k-l)a (2k) 

^k X y X y 


-1 __ 

^k " cr (2k-l) a (2k) + a (2k-l) o' (2k) 

X X y y 


( 10 ) 


and 


V',. = Tan 


■1 YCk) 


XCk) 


t=0 


Using (10), the najor & ninor axis of the ellipse can be obtained 


as 


6 , (k) 

maj 


= 2 IP, 


+ y P 


2 -2 - 1/2 
P, - Q, 1 
k k 


( 11 ) 


(5 . (k) = 2 [P. 
min k 


-/ 


2 „2 , 1/2 
P. - Q, ] 
k k 


( 12 ) 


where 6 (k) and 6 , (k) are the ■ajor and the Minor axis of the 

maj Min 

k-th component ellipse. The parametric angle of the major axis 

n/ 2 -v 

jg-- . Therefore, the k-th component ellipse is completely 

2k 

described by the major axis, the minor axis, parametric angle of 
the major axis and the polar angle of the starting point. Although 
the regeneration of an approximation of original contour requires 
the information of all four parameters of a set of component 
ellipses, the major axis and the minor axis of the component 
ellipse are taken as shape descriptors. These shape descriptors 
provide an intuitively appealing interpretation acceptable to human 
perception of shapes. The parameters of a component ellipse and the 
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first three 


component ellipses of 01 -charactor are shown in Fl«.6 





Major Mk 


^ . Angk of Major acU 
tf - A»wl# oC «*«rlwif point 



(a) 

1 in«oo fnr the k-th spline harmonic of 
Fig.6. (a) The component ellipse for tn 

, rK-> First three component ellipses for 01-char, 

signature waveforns. (b) First tnre y 

V FU22Y ENTROPY MEASURE BASED ON ELLIPTIC SPLINE FEATURES 

The ellipse parameters, l.e.. the major axis and the 

ir nsir are taken as shape descriptors for 
minor axis In pair, are 

Tfc t,,-rTv membership function, used for measuring 
classification. The fuzzy memoersnip 

fuzzy entropy. Is defined as 


M.(x ) = nln I 

A V 


smln 


^min 


1 


(13) 


Where 


snaj haaj 

is the Minor axis of the standard character 


is the major axis of the standard character 

is the minor axis of the handprinted character 

6*'"'" is the major axis of the handprinted character 

The fuzzy iZiovY of a handprinted character is defined as I4l 

HCA) = (1/n in 2) 

where u (x.) is th^ fuzzy membership function defined in (13). 

^ ^ VI. CLASSIFICATION OF ORIYA CHARACTERS 

The Oriya (appropriate pronunciation is Odiya) is one of 
the fifteen major Indian languages recognized by the Constitution 
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of India, used by more than forty five million people. Oriya is an 
offspring of Sanskrit and its grammar has close resemblance with 
that of Sanskrit. Its alphabet consists of forty nine simple 
characters and many compound characters. Out of forty nine simple 
characters, there are thirteen vowels and thirty six consonants. A 
group of characters in isolation forms a word similar to Greek and 
German languages. There is no concept of upper case and lower case 
and the script is written in a uniform size. The Oriya characters 
are predominantly round in shape. Thirty five (five vowels and 
thirty consonants) mostly used characters are considered for 
recognition problem. All thirty five characters with their 
character codes are shown in Fig.7. In this classification 
experiment we have considered first ten component ellipses only. 
Fuzzy entropy values of all thirty five characters have been 
calculated using (14) and are presented in Table-1. The value of 
threshold 6 is chosen to be 0.002. A complete fuzzy entropy net has 
been simulated and used for classification of all thirty five 
handprinted Oriya characters. We have taken 100 samples for the 
present recognition problem. The percentage of correct 
classification is found to be 93X. 


■Zi 
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Fig.7. 35 mostly used Oriya characters with code 
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TABLE i : FUZZY ENTROPY VALUES 


CHAR. 

CODE 

FUZZY 

ENTROPY 

VALUES 


CHAR. 

CODE 

FUZZY 

ENTROPY 

VALUES 

1 


FUZZY 

ENTROPY 

VALUES 

01 

0.7738 


13 

0.5835 


25 

0.5665 

02 

0.4597 


14 

0.3369 


26 

0.6480 

03 

0.7284 


15 

0.5151 


27 

0.6053 

04 

0.5022 


16 

0.6890 


28 

0.6529 

05 

0.4944 


17 

0.6567 


29 

0.6557 

06 

0,6001 


18 

0.6248 


30 

0.5704 

07 

0.7757 


19 

0.6089 


31 

0.7657 

08 

0.6660 


20 

0.5886 


32 

0.7213 

09 

0.7073 


21 

0.6636 


33 

0.6769 

10 

0.5730 


22 

0.6599 


34 

0.6454 

11 

0,5762 


23 

0.5334 


35 

0.7530 

12 

0.6155 


24 

0.7326 





VII. CONCLUSION 

Sinc6 an overview of shape analysis stresses mainly on 
the boundary based global technique, the same is used for the 
present recognition problem. The shape descriptors represented by 
the major axis and the minor axis provide intuitively more faithful 
information regarding the shape. Such descriptors are quite useful 
for Oriya characters because they have more circular (rounded) 
appearance. This is also confirmed from the recognition results. 
The spline transform is a powerful tool as it does not involve 
complex multiplication like DFT; it is quite similar to discrete 
cosine transform (DCT) and discrete sine transform (DST). Moreover, 
the signal can be reconstructed more easily through the spline 
transform. Hence, it is used to extract the spline features. The 
proposed fuzzy entropy net has far fewer connections compared to 
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the standard feedforward artificial neural nets, which is an 
attractive feature for VLSI implementation point of view. The 
present recognition problem may be extended to complete set of 
characters including compound characters. 


[5] 


[ 6 ] 


REFERENCES 

111 R.P.Lippmann , "An Introduction to computing with Neural 

Nets." IEEE Trans. ASSP Mag, , pp. 4-22 , April 1987. 

121 I.K.Sethi, "Entropy Nets : From Decision Trees to Neural 

Networks," IEEE proc. , vol. 78, pp. 1605-1613. October 1990. 

[31 A.Kaufmann , "Introduction to the theory of fuzzy subsets," 

vol. 1, Academic Press, New York, 1975. 

141 A.De.Luca and S.Termini . "A definition of a nonprobabi1istic 
entropy in the setting of fuzzy sets theory," 

Information and Control , vol. 20 , pp. 301-312 , 1972. 

Bart Kosko , "Fuzzy Entropy and Conditioning Information 
Science, vol. 40 , pp. 165-174, 1986. 

G.S.Rath, "On splines, spline transform and application to 
handprinted Oyiya character recognition," Ph.D Thesis , I.I.T. 
Kharagpur, India , Nov. 1984. 

[71 R.Panda and G.S.Rath, "Computer oriented approach to Impulse 
Response Identification Journal of IE (India) , ET, vol. 

73, pp. 70-73 .August 1992. 

[81 E.Persoon and K.S.Fu . "Shape discrimination using Fourier 
descriptors," IEEE Trans. Systems, Man, Cybern. , vol. SMC-7 , 
pp. 170-179, Mar. 1977. 

[91 H.T.Tai , C.C.Li and S.H.Chiang , "Application of Fourier 
descriptors to classification of fine particles ," Proc. 6-th 
International Conference on Pattern Recognition , Munich, 
pp. 748-751 , 1982. 

[101 F.P.Kuhl and C.R.Giardina , "Elliptic Fourier features of a 
closed contour ," Computer Graphics Image Processing , vol.18. 
pp. 236—258 , 1982. 



proceedings bitem. AMSE Confer. 'Signals, Data, Sjstems', 
Kctaro itadia), Dec. 8-10, 1993, AMSE Press, VoL 1, pp- 




Modified Window Function for Finite-Impulse- 
Response Digital Filters and Data Detection 


Majed A. Al Rasheedi 
AbdeMaser Mansour 

Abstract 


A. Raouf mohamed 
Mohamed Galal Ali 


In this paper we shall study Raoufs and Nasser's window 
characteristics based on the graphical optimization technique. The 
study of the window function curve at different window orders and 
different values of its exponential parameter reported zero values at 
the vrindow last terms. We shall introduce a modified window 
function that proved to be more efiBcient when it is used m 
conjunction with the Fourier series for digital filter de«gn and 
implementation. The modified window parameters and their effects 
on the filter characteristics have been studied. The proper choice of 
the window parameters (optimal values) produced very proirasmg 
FER. digital filter characteristics. 


rntroduction 

Signals arise in almost every field of science and engjneermg ,e.g. m 
caustics, biomedical, communications, geophysics, solid state ,an nuc ear 
physics. Two general classes of signals can be identified, namely contmuous- 

time and discrete-time signals. 


A continuous-time signal is one that is defined at every instant of toe. 
A discrete-time signal is one that is defined at discrete instants of toe such as 
microseconds, milUseconds and days. In fact the discrete-toe s.^d, as if 
continuous-time signal can be represented by a umque fimction of frequency 
referred to as the spectrum of the signal . Practically, the transformaUon 
processes from any continuous-time system into a discrete-toe sys ern 
introduce two major sources of errors. The first source comes from the 
quantization of the system data and system transfer function, and the second 
source introduced from applying Fourier transformation to ^tem data wi 
a finite number of coefficients for practical implementation [1,2,3, J. 
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Also the representation of Fourier series coefficients in discrete form 
will contribute significant errors when the digital system word-length is not 
sufficient. However, the quantization effect on the digital processing is not of 
our interest now. Many groups concentrated their works on the problem arises 
from the limitation of the number of Fourier coefficients in the FIR digital filter 
transfer function and its characteristics [2,5,6,7]. Window technique is one of 
the most important and powerful techniques selected to compensate of the 
limitation number of the Fourier coefficients .A Considerable numbers of 
windows have been presented during the last 15 years. Those windows are 
constructed based on many different optimization constraints. 

Raouf and Naser used technique named Graphical Optimization 
Technique to construct their window that proved to be sufficient in the FIR 
digital filter design and implementation. In this paper we shall study Raouf s 
window in more details to explore the real correlation between the filter order 
N, and the window function parameter "a" moreover their effect on the FIR 
filters characteristic curve. Also we shall introduce a modified window to get 
better filter response and to avoid the problem raised in Naser window. 


Theoretical Approach to modify Raouf s Window 


Raouf constructed his window function which has three parameters. 
This window is given as: 

W(n)=Exp{-a^-^)Cos(bit^)(-Y^^) (D 

Where n=0,l,2,...,N-l and a, b, c are constant parameters. These parameters 
have been studied based on the graphical optimization technique. The study 
proved that the window function is not sensitive to parameters "b" and "c” 
.The optimized values of parameters '*b'‘ and ”c" where found to be 0.47 and 
(4*10“^) respectively [8]. Then, the window shape is now entirely dependent 
on parameter "a" and the window order N , 

N=(Filter order-1)/2 P) 

Raouf and Naser studied the dependence of the FIR filter response on 
parameter "a" for different filter orders. They also found that they can have 
the desired FIR digital filter characteristic at different orders by changing the 
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value of parameter "a” . This means that the required filter could be obtained at 
low order if the parameter ’’a” chosen properly . 

Figure (1) shows Raoufs window shape at different orders with 
different values of parameter "a". It can be seen that, as th.e window function 
order progressively increases, the outlying function values rapidly approach 
zero. Therefore, when we do a filter implementation at specific high order 
value, we really got a filter response corresponding to lower filter order, i.e., at 
high window function orders, there is a difference in the observed vs. expected 
which is inevitable value due to the phenomenon resulting fi^om the zero values 
and narrow width of the window function. 

To understand this result we shall have to go back to equation (1). In 
this equation the exponential term has the ratio (a/N) which remains constant 
ratio to give the same response as the values of "a" and N change in fixed 
proportion. At higher order of the FIR digital filter, the last term in equation (1) 
strongly affects the values of the window function and makes its last values 
equal zero . Therefore, it is quite logic to think about omitting the window last 
term and try to compensate for it through the first window term (exponential 

term). 


Thus relying on the Graphical optimization technique and considering 
the last window values equal zeros ,as the order of the filter increases, and 
aiming to simplify the structure of Raoufs window , we propose the followmg 
modified window function 

W(n)=Exp(-Ait^ 2 )Cos(Brt^) -N/2<n<N/2 (3) 


Where "A" and "B" are constant parameters .To select the two parameters "A 
and "B" we shall use the Graphical Optimization technique and Nasar's results. 
It was found that the optimal value of "B" is given by 

B=2b , b=0.47 

Study has been done to examine the effects of this new window 
function on the characteristic curves of the FIR filter response. The filter 
response was calculated at different values of parameter "A. "The optimal value 
of "A" was found to be in the range given by : 


A=2a 


, 0.6< a < 3 


(5) 
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Figure (2) shows the filter response calculated at 4 different values of 
parameter "a". From this figure it can be seen that, as the value of "a" remains 
constant and the number of Fourier coefficients increased (filter order N), the 
height of the first side-lobe remains constant, whilst the main-lobe width 
decreases greatly. On the other hand, when the value of parameter "a" 
increase (constant N values), the height of the first side lobe decreases 
simultaneously with the decrease in main lobe width. 

In order to compare the effect of this modified window fimction, and 
Raoufs window ,two different values of parameter "a” were chosen to 
calculate their FIR digital filter characteristics at order N equal 51 .Fig. (3) 
shows this comparison in which the parameter "a" for each window fimction 
was selected on by these values where their main-lobe width would be nearly 
equal. Clearly the modified window fimction has resulted a significant decrease 
in the height of the first side-lobe as compared to Raoufs window fimction. 


Discussion and Conclusion 


This Modified window function is a major breakthrough in providing 
responses with low height side-lobe and simultaneously narrow width main- 
lobe at low orders .Since these response characteristic's are independent of the 
order, but are rather directly related to the values of parameter "a" only. This 
feature of the modified window can be appropriately used to provide the 
desired characteristic of the FIR digital filter with minimum main-lobe width 
and very low height of the first side-lobe. 

Also, This fimction has the distinct advantage of having a minimal ripple 
characteristic leading to optimal applicability to Ultrasonic implementations. 

It is well known that Raouf and Kaiser's window nearly produce the 
same FIR digital filter characteristics at the same order, beside the simplicity of 
Raoufs window. Also from our results we have seen that the modified window 
has an advantage of providing more attenuation ( approximately 35 dB) on the 
height of the first side lobe compared to Raoufs window, so the modified 
window has an advantage over the most well known windows. 

Finally, based on our results we can strongly recommend this modified 
window for the implementation of digital filters and data detection as well as 
the Ultrasonic applications. 




Fig. (1) Raouf’s window with different window order for different values of parameter “a" 

















Rg.2 :FIR digital filter response for modified window at different values of parameter a and order N 
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ng.3: Comparison between FIR filter responses for Naser and the modified 
windows at sam© main-lob© width. 
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ABSTRACT 


In thie paper, the decentralized fault detection (DFD) problem ie 
formulated in frequency domain which will answer the following question^ 

in a natural way: 

1. How do we determine the minimum length of the window of observations 

that is required for detection and isolation? 

2. Can we generate all possible parity vectors from a given minimum 

order parity vectors? 

Ue illustrate the methodology with a numerical example. 

1. INTRODUCTION 

Failure detection and isolation (FDD in dynamical systems deals 
with the problem of detecting deviations fmm normal behavior (we call 
them failure modes) in a specified complement of the system components 

^ a. 'I isolatina the particular component that 

(sensors, actuators etc.) ana isoiarinn 

has failed. In recent years a wide variety of approaches to the problem 
of FDI in linear dynamical systems have been devel'ped[1 ]. However. in 
these approaches the assumption is that all the information required f<;t 

fault detection is available to the detector. This assumption does not 

, e ‘a. ainrA for reasions of economy and re- 

hold in moat practical situations, since tor reaaio 

liability the information is spatially distributed. In many engineering 
system- the information available to fault detector- is thus localized 
and each detector monitors a specified section of the large system.This 

makes the Decentralized Fault Detection (DFD) distinctly different and 

It i-h® csntralizsd techniques to these pro— 

non standard and application of the cenrr 

blsns is not straiftht forward. 
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However, some researchers [2,3] considered DFD problem with some 
kind of communication and made it possible to apply the alflorithma deve¬ 
loped for centralized situations The present authors, however, develo¬ 
ped various approaches [4] to solve the DFD problem when there is no 
communication among the detectors. One of these techniques is the pari¬ 
ty space approach [5]. 

The parity space approach uses analytic redundancy for FDI. One of 
the key aspects of analytic methods of FDI is the use of information 
concerning the dynamic relationships among the measured inputs and out- 
puts. This approach considers residuals generated from a window of ob¬ 
servations over some interval of time. Then the **observation space** has 
dimension proportional to the length of this interval, and at its simp¬ 
lest level, failure detection can be achieved by projecting the obser¬ 
vations onto the orthogonal complement (parity apace) of the subspace 
in which the observations should lie if ther is no failure. 

However, this idea raises addition^-l questions which are of impor¬ 
tance in implementation Specifically, if we are given a linear, time- 
invariant system, how do we determine the minimum length of the window 
of observations that is required for detection and isolation? Can we 
generate all possiMe parity vectors from the given minimum order pari¬ 
ty vectors? These questiops are answered in a natural way considering 
the DFD problem formulation in the frequency domain in this paper. At 
the end we provide a numerical example to illustrate our methodology. 

2. BACK-GROUND OF PARITY SPACE 

Consider a linear, time-invariant, continuous time system described 


by 

x(t)=Ax(t)+Bu(t) ...(1) 

y(t) = Cx(t) •* * 

where x.y,u are n.m.q dimensional vectors respectively. As a first step 
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j dA'tfic'tion and not actuator 

W 9 Will focua on aonoor and plant failure aetecxion 

4 . rtf 0 Anarality we will assume u = 0. Therefore 

failures. Thus without loss of fteneraiixy 


the eyeteoi equations we are dealing with can be written a. 

>t(t) = Ax(t) 
y(t) = Cx(t) 

Define the extended observation vector of length p to be 

yp(t) = [y^(t) .y’^(t).(t)]^ 

obviously 


. . . (3) 
. . . (4) 


... (5) 


yp(t) = 


c 

CA 

CAP- 


x(t) 


Let q = nip» then yp^ fR^. Define 
Cp = [C^.CCA)^.( CAP" 

and the observation spacefof length p) Zp to be 


... C«) 


.. (7) 


.- - ( 8 ) 


2p ” R(Cp) 

where R(C„) is the range of Cp. Define the detection space ( of length 

Jr 

P) Cp to be the orthoflonal compliment of Zp.i.e. 


Zp e Cp = 


. . . (9) 


Then for any vector ge Cp, we have 


<g»yp> = 0 


( 10 ) 


H• isft hsnd sids of this 
Equation (10) ( or sore precisely, the letx 

w - 1 * lisa tjiii rail a a detection vector 
equation) is called a parity check. Ue will call a 

(of length p). 

3. FREQUENCY DOMAIN FORMULATION 

In this section we establish the link between the ti»e domain and 
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frequency domain description of the parity checks. Then we show that 
the frequency domain description of all possible parity cheks is 

nothing more than the left nullspace of the polynomial matrix 

The observation space is a subspace spanned by the extended 

observation vector yp(t) given in 6qun.(5). Assuming that there are no 
uncertainties, the detection apace Is the orthogonal complement of 

2p. Ue also define a detection vector ap to be 

»P =I»Jo-api.*PP-il CII) 

which satisfies 

4 ( 12 ) 
for some p = 0,1,.... Recall that the relationship (12) is called a 
parity check. It is obvious that apGGp and finding all possible parity 

checks of length p is equivalent to finding a basis for detection space 
iBp. Taking laplace transform of (12), we get 




i-1 




= w^(8)y(s)-^rjaj£^r^y( J)(0)s^‘-*”^ =0 

But 

y(s) = C(sI-A)’^Xo 
y(P)(0) = CAPxq 


(13) 

. . . (14) 
... (15) 


Thus we have 
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uT(a)C(8l-A) ^Xq = jfo«pl ° 

Since equn.l2 is valid for all x^elR" «e have 

wT(a)C(aI-A)-l = 

Since oqun.l2 is nothinft more than a parity check 


. . - (1<S) 


(17) 


T p"^ T i ... (18) 

can be thought of as its frequency doaain description, thus setting up 

a link between the frequency and tine donains. 

Now we will show that w(s) and rfs) span the left nullspace of the 

polynomial matrix |C^. (sI-’A)^]^. Here the left nullspace of some pxm 
rational matrix H(s) is defined as a subspace spanned by pxl rational 


vectors v(s)*s, which satisfy 
v'^(s)H(s) = 0 

Note that equn.l7 can be written as 
w^(s)C = r^(a)(sI-A) 


(19) 


or 


(w^(s). -r^(s)] 




0 


( 20 ) 


Define [w^(s), -r'^fs)]^ as a detection vector and denote the left 


TiT 


nu 


llapace of [C\ (sI-A)*] as 


Then from equn.(20) we see that the 


polynomial parity vector [w'^(s),^r'^Cs) Therefore it is enough to 

know one polynomial basis of in order to generate all parity checks 


of all possible finite lengths. 

iUL 



In thl. 8«ctlon. w« for-ul.t. th. <I«c*ntr«U*.d fault det.ction 
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problem. Consider 

systems described 
3C| (t ) = A|X| (t ) + 

y^Ct) = C|X|(t); 
where Xj^(t) is an 


the large interconnected system comprising of N sub- 
by 

N 

BiUi(t) + .E^AijXj(t): i = l,2,...,N. ... (21) 

i = l ,2.N. ... (22 ) 

n^xl state vector,u^ft) is an m^xl input vector,y|(t) 


is a p£xl output vector of the i^^ subsystem. 


Here we are concerned with the problem of designing N - local detectors 
for fault detection. The local detectors donot communicate among them¬ 
selves. Ue have, available at each local detector, the following: 

1 . measurements of the local input U|(t) and the 1 >cal output y^ft), 

2 . the nominal values of the coefficient matrices , A^j and 

In 0^), if A-j = 0 or information about all Xj:'s la available at the 

i detector the problem is a classical one. Otherwise, each 
interaction term A^jXj acts as an unknown input which makes the 

detection problem difficult to solve. By appropriately redefining vari¬ 
ous quantities, we can rewrite the term Z A^jXj as E^d^ft) with E| 

having full coulmn rank in all the subsystems. Thus the i^^subsy'^tem 


i a 


x^Ct) = A^x^ft) + B^u^Ct) + Eid^Ct) 

YiCt) = CiXi(t) 

Ue further assume that p^ > q|, and C^E^ is also of rank q^. 

Now we formulate the frequency domain version of the DFD 
Since d| is unmeasurable and only measurements available are y^ 

the parity equation is given as 


. .. (23) 
... (24) 


problem. 
and u 
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y 

B 


1^“^ 1 = 0 
lUiCa)J 


or 


( 25 ) 


“ocjc 3 )} r ^1=0 

L(sI-A) -eJ 

with the condition Pi>cii we can always £ind [PiCs), such that 

equation (25) is satisfied. Hence the detection vector in the frequency 

domain is U^O) = C^iC®). -^^iC®)). where indicates the row vectors 

of Pi and «i respectively. Ue rewrite the condition (25) to get two 


equivalent conditions as 
^i(3)Ci - ai(s)(3l”A) = 0 

oci(s)E£ = 0 


(26) 

(27) 



•Je now consider the problem of obtaining the solution to (26) and 
(27). To this end, we go through the following sequ nee of steps to re¬ 
cast (26) and (27) in a matrix pencil form, from which the desired sol- 

utions can be easily obtained. 


Let Ri denote the left annihilator of Ei* i.e.. 


(28) 


R^Ei = 0 

where Ri has maximal row -rank. From (27). we have then 

0CJ[(S) = 0Cj[(3)Rj[ 

for some ^i(a). Then solving «i(s) is equivalent to finding «i, 
rank «i = rank «i (this follows from applying Sylvester’s inequality to 
(29) and using the fact that Rj has full row rank). Substituting (29) 


.. (29) 


since 


in (26), we get 


i;^(e)Ri(eI-A) = Pi(8)Ci 


( 30 ) 
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Let 0| = Ker C^, i.e. C^Qj = 0» where Q| has naxinal column rank and 

% 

let C|jj be the right inverse of , i.e. = I. Post multiplying 

(30) by Q| and respectively, we get 

«|(a)(3RiQi - R^A^Qi) = 0 ... (31) 

ociRi(sI~Ai)Cip = p'i(s) ...(32) 

So, once is obtained from (31), can be directly computed using 

(32). Since (sR^Qj “ ^i^i^l^ ^ singular pencil, the problem thus, 

reduces to obtaining the left null~space of the matrix pencil. A simple 
way of obtaining the left null-space (sRiQi ~ transfor¬ 

ming it to the Kronecker canonical form and use the well established 
results on this form for finding the left null-space. From Kronecker's 
theory, there exists non-singular square matrices ft and N such that the 
Kronecker canonical form can be obtained as 

HiCsRiQi - RiAiQi)Ni = Block dia*. COg„h. L?. (al-J)) (33) 

where Lg, lJ, D- and CsI'J) have diagonal forna. Detailed discussion on 

this canonical form may be found in Gantmacher [6]. 

Now we show how in a simple way vectors of the left null-space of 
a matrix pencil can be obtained when it is in the Kronecker canonical 
form. Consider the right hand side of (33). Ue note that in writing the 
above canonical form, we assumed that the pencil has minimal column 

indices |^e ^ , e^, . . , e.^^J and minimal row indices {c'^, r^.^. The and 

J blocks correspond to finite and infinite elementary divisors respec¬ 
tively. 

It is easy to see that the left null - space of an operator with 
a block diagonal matrix representation is the direct sum of the left 
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null - ap»c«8 of th« operators corresponding to each of the diagonal 
blocks. 


Let U = block diag. P. P* 

where P, P, e and Z are the collection of 
corresponding to Ogy.j^» L^, and (si J) 


... (34) 

vectors of the null-spaces 
blocks respectively. Note 


further, that in view of the structure of 
exist, are themselves block diagonal. Now 
U. From the dimensions of O^^h 


(33), P, Pp D and Z if they 
we consider the coponents of 
is evident that 


” I g 

Each of the components L^^ of has 


... (35) 

full row rank for all values of s 


and hence 


L has full row rank for all s. Consequently, P has the tri 


vial solution 


P = 0 


... (36) 


t. oi 1 , rP P*.). where each P^+j corresponds to 

Ue have P = Block diag. C ^ t • • ■ » ^ tg+i 

the null-space of 4 - The equation 


has a polynomial solution of the form 

Pi(s) = (1. 3.a*^**^) 

Aa ue are intereated only in thia aolutlon. ue donot 
aolutiona of P. Next, alnce ( and hence D^) haa full 


... (371 

... (38) 

consider other 
row rank for 


all 8, we have 

e = 0 

Finally we are intereated in the solution of 

*ij (-i-Ju) = 0 


... (39) 

... ( 40 ) 
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Obaorve that a ^ Xj. where Xia are the eiaenyaluea aaaociated with 
and (al-Jij) is nonaineular and hence (40) haa only the trivial aolu- 
tion Zij = 0- Thus, finally ue have U aa 
U = block diag. fig* 

Obaerve that the aolution U obtained above ia preciaely the aolu- 
tion that w© want. 


D©fining 


fj. = 


... (42) 


(31) can be put into the for® (33) aa 

C 43 

UiCaHi- iOiNi - MiRiAiOiNi) = 0 

If Uj ia determined from (43), «i can be computed from (29). Thua the 
original problem haa reduced to one of finding U- aatlafying (43) and 

thia U| ia nothing more than that given by (41). 

k. NUMERICAL EXAMPLE 

To illuatrate the technique deacribed in the previoua aection here 
ue consider a simple numerical example. Conaider the observable system 


with A|, C| and Ej given by 

■ ['! -I -si‘ ‘‘ ■ [o .S]' 


[i 8 a. h ■ [1] 


nw 4 -v«a 4 - r. - ? n. = 1 i e. Pi>qi. By direct calculation it 

Obaerve that p; - Qi '»i 


true that = Ker C 


i = B]i *i = [8 i 2]= ° ° 


(sRiQi - RiAiQi) = [!]. Thus, with H = [J .?]. the Kronecker form for 

the pencil ia given by [.f] . Thus the pencil haa only one block of the 


type lJ with r = 1. Ue note that 
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Pj(s)lJ(6) = [1. = 0 

Thua Pi = [1. a], f*"®" '^hich we get 

«i(a) = [0. 1. -s] arid -a-a^] 

So the parity equation in frequency donain ia 



Ip this 
DFD problem 
order parity 


paper we have given a frequency domain formulation for the 
and eatabliahed how naturally the questiona on minimal 
vector and minimum length of the window of obaervationa 


can be answered. 
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ABSTRACT 


fault' f4At;AcLlon and diaftnosis in sensor 
In this paper, we consider fault detection 

of , singularly perturbed ey-te- ueing -ingle observer achene bf Clark. 
«e design an observer ba-ed on reduced order -odel of the systen obtai¬ 
ned by neglecting the fa-t dynanica. Our -ain concern here is to study 
the effects of neglected fa-t dynamics on fault detection and diagnosis 
Ue show here that the modlling errors due to neglected fast dynamics 

non-zero residuals even under the conditions of normal opera- 
gene’^ats non-zsro re»xu.uA*.«» « 

• 4 -Kss KrttindA on thess terffls we show 

tion and from the expressions for the bounds 

z.rm. are in general —all in magnitude. Thus the standard 
that these terms are in 

practice of control engineering of using reduced models is shown to 

apply equally well to fault detection and diagnosis problems. However 

if in a particular problem one feel, that even this contribution in the 

ai-inn «av lead to false alarms In fault detection and diag 
normal operation may leaa xu 

^saemian 1 'I flA-vsrITiHg alarm thresholds based on the 
nosis, then one can design time varying 

bounds given for these terms. 

INTRODUCTION 


Systems with small parameters are common 
These small parameters, with values proportional to 
number, represent weak connections are parasitics. 


in control 
a small 
Since they 


problems. 

positive 
appear as 


coefficients in the 
parasitics increase 


dynamical equations representing the oystom. thes 
the order of the system and also make the differen 
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tial or difference equations stiff. The curse of the dimensionality 
coupled with stiffness poses formidable computational difficulties for 
the analysis and control of such systems. 

Use of lower order models to reduce computational and implemen*- 
tation complexities with small performance degradation is a standard 
strategy in control theory and practice. Orde reduction based on singu¬ 
lar perturbation method is a well developed methodology [1,2]. However, 
no results have been reported so far in the field of Fault Detection 

and Dignosis (FDD) using this approach. 

In this paper, we study the effects of order reduction on FDD 
based on observers. The paper is organized as follows. Ue first present 
some back ground material on singularly perturbed systems. Ue then con¬ 
sider the fault detection problem in singularly perturbed systems based 
on the single observer scheme of Clark [31. Here, we explicitly find 
the errors in estima"-ion due to the use of reduced order model under 
normal conditions and derive expressions for bounds needed in selecting 
thresholds for FDD of sensor faults. 

PRELIMINARIES 

Consider a singularly perturbed linear time-invariant system des¬ 
cribed by 

x^(t) = AiiXjCt) + Xj^CO) = Xjo ••• 
jiXjCt) = AjiXjCt) + A22X2(t) + B2u(t): X2(0) = Xjo 

yCt) = CiXjCt) + C 2 X 2 Ct) ..-C3J 
uhere la a snail positive scalar, the state vectors Xj and X 2 are 
respectively of dlaension Oj and n 2 . the input u is of dinension n and 
the output y la of dimension p. Equation (1) is ssnerally known as slow 
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.y.t.a dynamic. In £.n.ral If v. are «iv.n tha dynamics of the plant 
to be controlled and the dynanic. of the fa.t actuators and sensor., 
then in (1) - C3) Xj represents the state of the plant and Xj repre¬ 
sents the state of the fast actuator and sensor dynamics. Now nealect- 
ina parasitic, is equivalent to setting 0 in system CD ' C3). The 
resulting system is known as the reduced system and is given as ( assu¬ 
ming A 22 nonsingular) 


x^(t) = AoXi(t) + Bou(t): xi(0) » 

X2(ty = -AiltAzi^iCt) t B2«Ct)] 

* 

y(t) = CgX^Ct) DpuCt) 

Equation (4) is known as the slow reduced system and 

Aq = All - Ai2AijA2i 

Co = ' ^2^2i^21 

Bq = •'C 2 A 5 JB 2 


.. . C4) 
... (5) 

... C6) 

... (7) 
... (8) 
... (9) 
... ( 10 ) 


It is well known [4.5] that if the pair CCq. Ao) 1- observable then it 
is possible to construct a full-order observer of the form 


xi(t) = (Ao - GCo)ii(t) + (Bo - GDo)u(t) * G;(t): Xi( 0 )=X 2 ( 0 ) 
where the matrix G is chosen to place the poles of (Aq - GCo) 
( 11 ) is a stable observer of the slow reduced system, i. e. 

€(t) * ” Xi(t) 


... ( 11 ) 
SO that 
the error 

... ( 12 ) 


which satisfies 
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T^Ct) = (Ag - GCo)?iCt) ... C13) 

A 

will decay exponentially from any initial error Cj^CO) = 

However if the observer (11) is used to observe the slow state of the 
systen .(1) will have exponential decay tern due to (13) and also 

other error terns caused by neftlectinn fast dynanlcs (2). Javid [6] has 
derived the form of this error tern and the tine-varinfi upper bound for 
this error term. Since we require this in the further development we 
reproduce the sane here. 

Let u(t) be continuous and bounded toftether with its first deri" 
vative for t > 0. 

Now define 


£j^(t) = Xj^(t) - Xj^(t) ... C14) 

then 

si(t) = «lC0) + U(t,ii) ... (15) 

where U(t,>i) represents the error due to the neglected fast dynanics 
and the bound on this Is defined as 


llU(t,>i)l| < Ji k(0He'“0^ - ... (16) 

with 


kpk 

k(0) = - ” ^^2^^ 11 x 2 ( 0 ) * ^22^21^1^®^ A2JB2u(0)|1 

0 


(17) 


^0* ^ ^ chosen as discussed in [6]. In the above equations 

II . 11 indicates the matrix norm which is defined as sun of the absolute 


values of the elements of the natrix refered in the norn. It can be 


seen from (16) that this error is fortunately of order >. 

Uith this background now we discuss in the next section sensor fault 
detection and diagnosis using the observer (11). 
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OBSERV’^R BASED FAULT DETECTION AND DIAGNOSIS 

In this B.ction w* conaider FDD in sensors of » sinaularly pertur¬ 
bed system uaina single obserrer Scheme of Clark [31. Ue design an ob¬ 
server based on the reduced order model of the system obtained by neg¬ 
lecting the fast dynamics [6], Our main concern here is to study the 
effects of neglected fast dynamics on FDD. Ue show here that the 
modelling errors due to neglected fast dynamics generate nonzero resi¬ 
duals even under th'e conditions of normal operation and from the ex¬ 
pressions for the bounds on these terms ve shou that these terms are in 
general small in magnitude. Thu. the standard practice of control engi¬ 
neering of using reduced models is shown to apply equally well to FDD 
problems. However if in a paticular problem one feels that even this 
contribution in the normal operation -ay lead to false alarms in FDD. 

/isaoidsn tiae-varying thraaholda baaed on the bounds given 
then one can design tiae vary auk 

for these terns- 

Clark and his coworkers [3.7.8] developed two observer schemes for 
sensor fault detection: (i) dedicated observer sheme. (ii) ot*" 

s.rver scheme. In the dedicated observer scheme a bank of observers is 
used for FDD and each sensor will drive a single observer. In the sing¬ 
le observer scheme FDD 1- done with the estimates obtained from a sing- 

Is observer. 

Here we cosider the single observer scheme of Clark [3]. In this 

method the state .stimate. are obtained using a single observer driven 

.sartanr and the inputs to the original systen. 
by the output of a single sensor ana rne 

Ue make the following assumptions: 

1. Cii and C 2 i represent the i‘»' rows of and respectively. 

2. The pair (Ajj, and the pair CAo. cj). where cj is obtained 
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with C|| and C 2 it obaervabla. 

3. A sinfila sensor is faulty at a tins. 

The nethod of sensor fault detection is as follows. Fron the state 
estinates* we estiaate the output of each sensor. Then we conpare these 
output estimates with the actual outputs froathe sensors as follows: 

Vj = yj - yj ... (18) 

where the subscript j indicates the sensor. 

Under normal operating node without any aodellinfi errors, Vj=0 and 

if there is any fault vj will have a larfte non-zero value. But to avoid 

the effects of noise, mod 1 i n£ error etc., a threshold i si tisutd f«>r FDD 
on Vj. Now in the present problem we have a singularly perturbed system 

and ve are estimating the states of the original system using an obser¬ 
ver of the type (11). Ue have seen that in this case the estimation 
error s^Ct) is non-zero even under normal conditions due to U(t,.iA) and 

hence vj is non-zero even under normal conditions. If these errors have 

substantial contribution then they may lead to false alarms if the 
thresholds are fixed without taking into consideration these error 
terms. Since we know from [6] that we can explicitly find the bounds on 
these terms, these bounds will be useful in fixing the thresholds for 
fault detection so as to minimise the false alarms due to neglected 
fast dynamics and ensure reliable alarming when sensor faults occur. Ue 
derive the bounds on the errors in vj due to neglected fast dynamics in 

this section. 

The observer driven by the 1^^ sensor is 

m 

A 

Xi(t) = (Aq - GCQ)x^(t) (Bq - GD^)u(t) Gy|^(t) 


... (19) 
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And th® ©stiwAtA of ^2 


= -*22 1 * 21*1 * ■■■ 

Let £iCt) and eoCt) be the eatiaation errors correapondina to and X 2 


then they are given a« 

€l(t) = sjCO) + Ui(t.>) 

£2Ct) = -A 2 I A2ieC*0-Gc63t nCO) ^ UjCt..-) 

where Uj and Uj are the error t.raa due to the neglected fast 
and the bounds 

jlUi(t.>i)!l < > - e 

llU2Ct.jx)ll 5 >1 k2C0)C«-'"0^ " 
where k^CO) is given by (17) and 


... ( 21 ) 

... ( 22 ) 
dynamics 


... (23) 


(24) 


lc,(0) = 


kQk 


«~>«0 


•ixjjll llAjil! I!A,2-GC2!I IIX 2 (0 J+Ajll Aji^i CO l+Bzu CO) ] II C25) 


similarly we can find the bounds on the errors in vj^. 

Let tl^(t,>i) error term corresponding to Vj^ then the bound on 

llO^Ct.;*)ll i = ll«iCt,>‘)ll * IIC2ill ■■■ 

The aignificance of these bounds is that, even under conditions of 
noraal operation, the eatiaation errors and hence vj will not be zero 

but have soae finite values with upper bounds given above. This happens 
because of the use of reduced systea observer with the fast dynaaics 
neglected. However these errors are of order hence the porforaance 
of FDD using this observer will not be degraded too auch if one uses 
the observer dD for FDD. However if on. feels that the contribution 
due to these error teras is substantial then if the alara thresholds 
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are desianed ba»ed oa theee upper bound* of the error ter»a. falee 
alamo duo to the nealected fast dyna.lca can be aini»loed and eneure 
reliable alaraing when senaor faults occur. 

EXAnPLE 


Consider the following singularly perturfe^d systea: 


x^Ct) = -xjCt) 

>»)C2(t) = x^Ct) - X2Ct) 
y^Ct) = x^Ct) + X2(t) 
y2Ct) = 2x;|^Ct) * X2(t) 

Uith u = 0. we have 

Xi(t) = e'^ 

X2Ct) = X2(0) + - 

Ue wish to construct an observer usina only yj and hence the reduced 
system in which we are interested is 


Sh — 

XjL(t) = "X^Ct) 

y^(t) = 2xj^(t) 

The observer for the reduced system is 


x^Ct) = -(1 + 2«) xj^(t) + gy^Ct) 


Then with g=2 we have 
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w ^h. Initial conditions XiC0)=X2(0)=Xi(0)=l. k=l, «=l=«o. 

Ue have chosen the initial con i 

n. ft* anrf 0^- and compared 

Jcq=0.0625 and found the bounds on outpu err 

• 1 -h actual 0^ and 0^ as shown in the followina table, 
the same with actual w 


time 

sec 

error in 

vi-yi 

0 

0.333 

0.1 

0 - 34935 

0.2 

0.31942 

0.3 

0.2816 

0.4 

0.2468 

0.5 

0.21725 

1 

0.12396 

5 

2.24598x10 

10 

1.51332x10 


bound on this 
ftl 

error ( P ) 

0 

0.298311 
0.3797 
0.3839 
0.36222 
0.33322 
0.2043776 
3.7433x10"^ 
3.22843x10"^ 


error in 

y2~y2 

0.666 

0.645 
0.5776 
0.5075 
0.4458 
0.3936 
0.2268 
4.117 6x10' 
2.7744x10 


bound on this 
error 

0 

0.4475 
0.5695 
0.57586 
0.54334 
0.499827 
0.30657 
5.61495x10"^ 
4.8426399x10 


K ver based techniques the FDD tnechanisn is initiated in 
In the observer basea 

the observer. The error bounds (17) and (25) 
the steady state region of the observe 

t s T, they BO to zero. Considering these two facts one 
indicate that as t -> oo they go 

. larm thresholds as follows: If the decay of the error 
can design the alarm thresnoiuo 

<ip*VkAr« ppircr* 'tiSiTiPS 

bounds is not fast compared to the observer 

, t.-rfe and thus to avoid false alarms one has to fix a 

substantial magnitude and tnus 

ino based on the error bounla (17) an- 
threshold which is time-varymg. based 

If the error terms decay fast then the usual method of 
C25). However if the error u 

u aHooted The above example illustrates a 

constant threshold can be adopted. 

j *^€1 is neftliftihle in the steady 

e e><arvia^ted fast dynamics is neftiiitJ* 

the effects of neglected tas 

r ina time for observer is 5 sec) and 

1 Mho observer fssttling xime 

state region of the ooservci. v 

i-tini- AlAvn threshold can be designed, 
hence a constant alarm xni. « 


CONCLUSIONS 


.h:. .. -v. .h.. ... *” 

. 1 r%AfHitir*A the computational 

I of usinfl lower order models to reduce tne 

AArinfl of using ivwta 


engineering 
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burden with leae parfor-anc. degradation applies equally well to the 
problem of fault detection and diaanoaia. In particular we have studied 
the following aapecta. Using the observed baaed technique we have 
shown that when an observer of the reduced system is used for FDD. the 
contribution of the neglected fast dynamics to the estimation error is 
a tern of order > and hence there will not be much performance degra¬ 
dation. However if in a particular problem this contribution is consi¬ 
dered to be substantial and causes false alarms, then one can design 
the tine-varying alarm thr sholds based on the expressions given for 
the bounds on these error terns. 
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CONTROL OF A SYNCHRONOUS GENERATOR OVER WIDE RANGE 
OF OPERATING CONDITIONS BY EIGENVALUE PLACEMENT 

K.A. GOPXLA RAO 

DEPT. OF ELECTRICAL ENGINEERING 
ANDHRA UNIVERSITY,VISAKHAPATNAW 

INDIA 

ABSTRACT 

.-,.- 4 . svatea atabili^era based 

In this paper it is shown that the power sysrea 

. ♦^..hniaue can be designed using standard foras 
on the state feedback technique can 

.. arbitrary doainant second 

instead of a polynoaial corresponding to an arbitr 

4 .I„„ rn It is also shown that substantial perforaance 
order cofifiuration [IJ. 

- • ♦> achieved, i.e. stiate feedback 

insensitivity to operating point can be achieve 

J V <-h. .icenvalue placeaent technique are suitable 
controllers designed by the eigenvalue piac 

wide rang, of operating conditions, a synchronous 
for controllinn, over vioe ran«e 

.ved to a large systea. A simplified version of the phasC 
generator connected to a large 

variable feedback controller is also investigated. 

oi ..clt.ti.n control (D 1" IWCOTln. th. C-lc 

...blllt, ol .TOchroooo. ..n.r.tot. 1. vld.l, r.co.nlt.C. HocI 
b„ b..o O.,o..d to .OPI, op,l..l control tb.or, to ...t.n.tlc -..l.n 
o, .nc.t.r .no,or prl..-.o..r control .tr.t..l... lor .>..Pl* ^ 
inter, th. t.chnl,n. .1 .l..o..ln. PLo—"« 

h..o .ppll.0 II. *. n to thl. prohl..- Ih. .l..n..l». --- «»>■- 

. th- imoortant result of linear control theory. namely, 

nique reate on the inportanr re»uj. 

q -I irtoo aveten can be arbitrarily located 
that the eigenvalue* of cloeed 1 P 

2 # 4 't'ha aiven ayete® le controllablel8] 
by linear state feedback, provided the given sy 

t t. n of th. required feedback coefficients is systematic and 
The computation of the requirau 
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•t th« aaa* tine non-it«ratlv* ( 1 ], conparad to not i 

co»P«r.d to optical control 

Thu., an axcltation controll.r can b. d.aifln.d ri 1 wi k . 

■ aaaiBnad [1] wlch «lv*a arbitrary 

aaslred aystea •la^ava.lumm 

«anvaiuea whan ftanarator ia ooaratln^ 

oparatinfi at a nominal 

operating point. 

However, in nost power ayatea controller deaion th 

<.Mxxer aeaign the paraaetera of 

t e controller are choaen in auch a way that the i^i 

way that the reaulting cloaed-loop 

-.cond order con£i.„r.tion. Many tl... thia r.quir- 

.. * hi.H control .££ort wbicb 1. nn.cc.pt.bl. £or practical inpl„.„- 

atron. How.v.r, i„ control theory etand.rd forn. are devel h k, 

xvraa are developed which 

«ive dealred eia.n patterns and at the sase t». 

sffort ^ r*«juire less control 

The present paper dsaln uj.k •... 

aeais wtth the suitabilltv »i. 

^ . uxtaoiiity of these aodels in the 

design of controllers for v/ide rann. , 

de range of operating points in the caae of 

a Bonerator connected to a larne svst.. i. • , 

^ ahown that substan¬ 

tial perfoinance insensitlvi <-<r 

^y to operating point can be achieved with 

these controllers. A sisplified version of the nh 

rsion Of the phase variable feedback 

controller is also studied : w 

scuaied. It is shown that thd» 

met rne performance of the 

controller is satisfactory over a wid- r. 

y over a wide range of operating conditions. 

proposed MfTftnn 

The snail perturbation block diagran model of a svnch 

^ o* A synchronous aachlne 

nflnlte bus system of ( 2 ] i, considered for the a„.i . 

tor the analysis and design of 

conti?o 11 ®r8, 8 dd1v -e 

•isenvalue placement technique the system 

.quations are written in the phase variable for. as: 
iCt) = A x(t) + b uCt) 

where the state vector x(t) is given by 

= rxj.xj.Xj.x^jT 

It I 4.1^ • • ' C2} 

( ) is the supplementary control input to bo deslsn.M i 

OS assignsd using stats fssd- 


.. ( 1 ) 
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back. Tha A and b constant Matricas for tha mwmtmm ara iiivan In appan- 
dix. In th«% aiftanralua placanant tachnlqua. a llnaar atata varlabla 
faadback control lav 

u(t) * -F x(t) ... (3) 
is aouftht, which locataa tha aiaanxaluaa of tha cloaad-loop ayataoa: 

x(t) » (A - bF) x(t) ... (II) 
at daairad locations. 

Tha spacial propartlas of llnaar phasa varlabla faadback can ba 
appraciatad by considarlns tha block dla^raai (Flg.l) of tha systan with 
phasa varlabla faadback controllar. 




G(s) 

_ 



[ 


-T 





Fig. 1 Block Dlagraa Of Tha Systajs Ifith Phasa Variabla 

FaadbaciT Controllar 

Tha transfar function G(s) Is givan In tha appandlx. Tha affact of-phas6^ 
varlabla faadback Is saao to ba aquivalant to Introduction of a faad~ 
back conpansator with xaros givan by 

fj + f^s ♦ fj«^ + f^s^ =0 ... (5) 

It say ba notad fro* (5) that If tha xaros ara givan, tha ralatlva 
valuas of tha coafflclants f^ to f^ ara flxad. l.a. f^ to f 4 ara flxad 

to with in a constant ■ultlpliar. Pros root locus [8J, it can ba infar- 
rad that for larga valuas of gain in tha loop, thraa of tha four algan- 
valuas of tha closad~loop systas will ba closa to tha xaros of (5) and 
tha fourth aiganvalua will ba far away on tha nagatlva raal axis of tha 






a-plane. This will bs trus Irrsspsctivs of the locations of the open- 
loop eigenvalues or poles of Gfs) which change with the operatinft point 
Coupled with the obaervation that there is already a fairly large gain 
in G(s)p this suggests that the eigenvalues of the closedloop systen 

of Fig. 1 can be nade insensitive to the operating point with moderate 
feedback path gains fj to f|. 

In [1]» a dominant pair eigenvalue configuration was suggested for 
the desired eigenvalues so that the response characteristics such as 
degree of stability (indicated by damping ratio of the dominant pair) 
and speed of response ( indicated by natural frequency w^^ of the domi¬ 
nant pair) can be readily assessed. However» many times this requires a 
control effort which is unacceptable for practical implementation. 
In control theory standard forms are developed which give desired eigen 
P^tternB and at the same tine require less control effort* 

To evaluate the suitability of eigenvalue placement controller 
designed based on standard forms for wide range of operating points, we 

consider a typical example [2] of a generator infinite bus system with 
the data: 

Xd = 1.6, = 0.32, Xq = 1.55, T^q = 6 

H = 5, x^ = 0.4, T^ = 0.05, = 200 

The range [2] of machine loadings considered is: 

1 + jO, 1 j0,5. 1 - jO.5, 0.5 + jO, 0.1 + jO. 

The three zeros of (5) are chosen using different standard forms and 
the resulting coefficients are shown in Table - I. The eigenvalues for 
various operating conditions with and without these controllers are 
given in Tables II, III, and IV. Uith feedback coefficients increased 
by a factor of four, the closed - loop system eigenvalues for different 
operating conditions are in Tables V and VI. 
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TABLE Is FEEDBACK COEFFICIENTS 


Polinottiml 

£ j 


^ 3 

[_i^_1 

Buttervorth 

-2.« 

1 

o 

$ 

w 



I TAB 

-2.6 

-0.39 1 




TABLE II BIGEWVALUES.WITHOUT COWIRPILBR 


Oparatlns point •Igonvaluo* 


(1) 1 + JO 

C2) 1 + JO.5 

(3j 1 - JO.5 

C4)0.5 + JO 
C5)0.1 + JO 


0.78 

± 

J07.93 

-11.01 

± 

jlO.45 

0.35 

± 

J6.78 

-10.58 

± 

J13.52 

2.84 

± 

j8.10 

-13.07 

± 

j3.36 

-0.19 

± 

J5.95 

-10.04 

± 

jl4.00 

-0.08 


j4.30 

-10.17 

± 

jl6.35 


TABLE 111 EIGEMVALUES UlTH C OWTEOLLER CB VTTERPPRTl DgSIGW I 
Operatins point Elaonvaluea < 


(1) 1 + JO 

(2) 1 + JO.5 

(3) 1 - JO.5 

(4) 0.5 + JO 

(5) 0.1 + JO 


-4.68 

± 

jl0.61 

-17.30 

p 

-39.91 

-4.28 

± 

J09.78 

-24.00 

± 

J09.42 

-4.43 


jll.lO 

-12.43 

» 

-53.50 

-4.41 

± 

J09.25 

-22.63 

± 

jll.32 

-1.77 

± 

J06.68 

-12.67 

± 

J17.31 


0.40 

11.6 

0.40 

10.7 

0.35 

12.7 

0.43 

10.3 

0.26 

6.9 








operating point 


Eigenvalues 


(1) 1 ♦ jO 


(2) 1 ♦ JO.5 


C3) 1 - JO.5 


(4)0.5 JO 


-5.67 ± jlO.50 
13.00 ,-184.20 

-5.54 ± J10.21 
13,94 ,-139.83 

-5.69 ± J10.84 
12.11 ,-214.40 

-5.60 ± jlO.lO 
14.10 ,-129.70 


0.48 


0.48 


0.47 


0.48 


11.9 


11.6 


12.2 


11.5 


(5)0.1 ♦ JO 


-4.10 ± j08.50 
-23.00 ± J14.54 


0.43 


9.4 
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Op«ratina point 


Elflonvaliiofl 


(1) 1 + JO 


(2) 1 JO.5 


(3) 1 - JO.5 


(4)0.5 ♦ JO 


(5)0.1 ♦ JO 


-5.05 ± J12.84 
-9.10 ,-104.20 

-5.06 ± J12.60 
-9.52 ,-143.60 

-5.70 ± J13.20 
-0.66 ,-217.00 

-5,96 ± J12.45 
-9.50 ,-133.50 

-5,10 t JO9,07 
21.97 t J06-97 


0.42 


0.42 


0.40 


0.43 


0.46 


14.1 


13.9 


14.4 


13.0 


11.1 


It is noted fro* the tal 


V and VI that aubatantial Inaanaiti 


vity to oparatina point haa bean achlavad. Mora inoanaitivity can ba 
••cured by further incre»»ina fj to f, uniforaly. Thi« providea a quan- 

approach to the proble* of perforBance aenaltivity to operat 

infi point. 


FroB a practical vlaw point, it ia of Intaraat to considar vhathar 


tha*S‘ tarn in tha phaaa variable feedback controller can be diapenaed 
with. By neftlectlna tha tl»e constant for the thyristor exciter in tha 

ayataB, a nodal with only three phase variables aS, ^S, a S can ba ob¬ 
tained. By chooalnB the aaroa of 
f+fa+f^a^^O 

baaed on the second order polynonial of standard forns tha feedback 

coefficients will ba; 

£j*-3.6, £j^*-O.04. fj^-O.l 
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for both thtt «tandiird foras (alnco tho socond ordor polynoaial la mmum 
for both th* standard foraa). Tho aiaanvaluas for diffaront oparatinfi 
points with this controllsr ara givan in Tabla VII. 


TABLE VII EIGEHVALUES «ITH-SinFLilI£l?. CQMTROLLER 


Oparating point 

Figanvaluas 


w 

'^n 

(1) 1 


JO 

-1.13 

± 

j04.<2 

0.67 

6.2 



-d.lO 

± 

J61.40 



(2) 1 

+ 

jO.5 

-3.99 

± 

J04.72 

0.64 

6.3 



-d .24 

± 

J55.10 



(3) 1 


jO.5 

-4.28 

± 

j04.59 

0.68 

6.3 



-5.95 

± 

j65.41 



(4)0.5 

+ 

JO 

-3.95 

± 

j04.59 

0.65 

6.1 




-6.28 

± 

j53.40 



(5)0.1 

+ 

jO 

-2.94 

± 

j04-97 

0.51 

5.8 




-7.29 

± 

j29.95 




It is not ad fros tabla VII th-i-t tha insansitivlty proparty is 
largaly retainad» though tha doainanca of tha prlaary pair of aigan- 
valuas ovar tha othars is raducad as coaparad to tha coaplata phasa 
variabla feadback controllar. This siaplifiad controllar can still ba 
considarad as satisfactory ovar vida ranga of oparating points. 

It has baan shown that stata variabla faadback axcitation contro- 
liars dasignad by tha aiganvalua placasant tachniqua ara suitabla for 
controlling ovar wida ranga of oparating points a synchronous ganarator 
connactad to a larga systan. Standard forns davalopad in control thaory 
ara usad to chooaa faadback coafficiants instaad of tha dominant pair 
aiganvalua concapt. Substantial parformanca insansitivlty to oparating 
point has baan achiavad with thasa controllars. A sisiplifiad varsion of 
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th« f««db«clc controller h«o nloo been InYeatlgnted. Although the eigen¬ 
value placenent ualng atate feedback approach to controller dealgn for 
aynchronoua aachinea la not nev. the nethod of aelectlon of the feed¬ 
back coefficienta ia believed to be new and rl*!'** » quantitative 
approach for aecuring perfornance inaenaitlvity to operating point. 


A.P 


“ 0 1 0 0 ’ 


0 

0 0 10 

b * 

0 

0 0 0 1 


0 





. - 


-377 

G(«) *---- 

jp4 ^ ^ 

where all coefficienta are taken aa defined in [1], and the conatanta 
are taken aa in [2]. 
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DESIGN OF OPTIMAL DISCRETE CONTROL SYSTEMS 
WITH PRESCRIBED DEGREE OF STABILITY 

K.A.GOPALA RAO 

DEPT. 0? ELECTRICAL ENGINEERING 
ANDHRA UNIVERSITY.VISAKHAPATNAtl.INDIA 


ABSTRACT 


A scheme for obtainin* a linear feedback law for a linear discrete 
system as a result of minimisina a quadratic performance index is con- 
aidered in this paper. The resultina closedloop system has the property 

<11 14. it» inaide a circle having a radius with centre 

that all its poles lie inaiae a 

0m 1 ^ n fHAv b0 ctioflby tbo • 

at the origin of the Z - plane and « > 0 may be cno 

Simulation studies are made to verify the method. 


introduction 

In many applications, -ere stability of a closedloop system is not 
enough. It is required that the poles of the closedloop system should 
lie in a certain restr.ted region of stability. Generally two methods 
are employed to derive a feedback control law for linear systems. The 
first approach, known as the pole placement technique I 1.2 ]. selects 
control law such that the closedloop system achieves certain desired 

r -4. ^1*0 The second approach, based on optimal control 

locations for its poles. The secona 

4. 1 Ycu which aininises a given performance 

theory [ 3 ] determines a control law which minimises 

^ fhe selection of an optimal control law that 

index. A procedure for the seiecuuu 

minimises a given performance index and at the same time ensures that 
th. closedloop poles li« in a pr.scrib.d region has been described by 

Ka.\</asic i and ShimemurafS] . 

Anderson and nooreMJ, RawasR.i ^ 


However, the continuous time res 

r* 1V. 2 ..M r 1 has developed a discrete versi 
to the discrete time case. Solhiem [ 6 ] has develop 


ults cannot bo directly extended 

‘ on 
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of Solhiem 17], but th« optiaiality of th« cloaodloop aysten is loat dua 
to the difference in the for* of the contlnuoua and discrete rlccati 
equations associated with the optiaal regulator proble*. Aaln [8J took 
the saae problem and the saae recursive approach and derived an improv¬ 
ed resut in which the optiaality of the cloaedloop ayate* is assured. 

This paper presents a scheme for obtaining a linear feedback law 
for a linear discrete ayate* aa a result of nlnialslng a quadratic per¬ 
formance index. The resulting closedloop system has the property that 

all its poles He inside a circle having radlua e”* with centre at the 
origion of the Z-plane and may be chosen by the designer. 

PROBLEM FORHULATION AND SOLUTION 

Consider the controllable linear time invariant discrete system: 

x(k-«-l} = PxCk) + 6u(k) Cl) 

where xCk) and u(k) are n and m dimensional state and control vectors 
respectively. P and G are constant matrices of appropriate dimensions. 
The system (1) may be an originally discrete system or it may be a 
sampled data version of a continuous time system 

x(t) = Ax(t) -»• Buft) C2) 

In such a case the matrices P and G of (1) are given by 

p = eCAT) ... (3) 

G = f^e[ACT-T)]B<,^ ... (4) 

for a given discretization interval T, 

Now let the system (1) is controlled in accordance with a linear 

feedback law 

u(k) = -Fx(k) C 5 ) 


The dynamics of the controlled system is governed by 
x(k4l) = CP-GF)x(k) 


• « • 


( 6 ) 
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Thvr* »r« two naln approaches for datorainina tho feedback natrlx 
P. namely optimal control and modal control. The optimal control appro¬ 
ach ia based on the minimiaation of the quadratic performance index 

PI = I tx^(k)OxCk) + u^Clc)Ru(k)] 

where 0 and R are non-negative and poaitive definite symmetric matrices 
respectively. Tba auperarcipt T’ her. denotes tranpose. The optimal 

feadback Matrix is ftiven by 

F = R-lGfp-l[S - 01 ^ ... C8) 

where S is the positive definite solution of the riccatl equation 

S - P^SP + P^SGtG^SG ♦ R]"^G^SP -0=0 
The feedback matrix is unique for the given weighting matices 0 and E. 
Since the system CD i» controllable, it is well known that the system 
(«) is stable, when optimally controlled, that is. the eigenvalues of 
(P-GF) are located inside the unit circle. One does not, however, know 
the exact location of the eigenvalues beforehand, and it may therefore 
happen that the controlled system although minimising the optimality 
criterion, does not have a desired degree of stability. 

The second main approach for determining a feedback matrix F, 
namely modal control, assures acceptable stability through apriori 
specified eigenvalues of the controlled system (6). The feedback matrix 
F in this case is. however, not normally unique, and one cannot deter¬ 
mine performance criteria (Q and R matrices) corresponding to particu¬ 
lar modal feedback matrix. A particular modal design may infact be very 
wasteful in cotrol effort or coot, that is, controls may work against 
one another, while satisfying, of course, the eigenvalue specifications 

This is the moot serious drawback of this approach. 

In this paper we combine the best features of both the methods and 



190 


deaian a feedback -atrlx which la opti.al and al.o .n.ur.a pr.acrlb.d 
de£ree of stability. 

Conalder th. foUowina perfo-ance ind.x in plac. of (7). 


PI 


oc 


j^|j|e2«'‘lx'r(k)0xCk) + uT(k)Ru(k)] 


CIO) 


vhich leada to a linear control law of the type (5). with the addition¬ 
al property that the cloa.dloop ayate. pole, u. i„iae a circle with 

radiua e’^ with centre at the oriaion of the Z-plane. 

Defining 


x(k) = ; u(k) = e«^u(k) 

we obtain 

x(k + l) = ^x(k+l) 

= e«Clc+l)f ^ Gu(k)] 

= [Fx(k) + Gu(k)] 


Where T = Pe^ and G = Ge^. 


cil) 


( 12 ) 


Usina (11) the perforaance index (10) can be writte.-. aa 


PI 


OC 


'i^Ck)RuCk)J 


(13) 


Now considering the aysten fl2'i and PT ri'S't 

j i.«n ana Pi (13), construction of the 

control law ia thus similar to a case where the decree of stability is 

preacribad. The optiaal control law that nininiaea ( 13 ) aubject to 
the conatraint (12) ia aiven by 


u(k) = -F^i(k) 


■ (U) 


where 


F« = R-1gTp-T[s^ . OJ 


(15) 


where ia the poaitive definite aolution of the riccati equati 


on 


oc 


G 4 RJ"1g^S. 


T - 0 = 0 


(Id) 
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Using (11) and (14) it can be ahovn 

u(k) = -F^x(k) ... (17) 

Using (17) the closedloop form of system (1) becomes 

x(k+l) = (P - GF^)x(k) ... (18) 

while the same for system (12) is 

i(k+l) = e«(P - GF^)i(k) ... (19) 

Since all the poles of the closedloop system (19) are given by the 
eigenvalues of e^'fP-GF^) and have the magnitudes less than unity. Hence 
it follows that the poles of the closedloop system (18) given by the 
eigenvalues of (P-GF^), lie with in a circle of radius e”^. 

SIHULATION RESULTS 
EXAHPLE-l 

Consider the following 1®^ order example; 

P=0.9512. G=14.d4. 0=1, R=1000 

« = 0, e’^ = 1, C.L. Pole = 0.6233 

oc = 0.693147 , e“« = 0.5, C.L. Pole = 0.2002 

« = 1. e'« = 0.3679, C.L. Pole = 0.1109 

« = 10, e’« = 4.54 X 10”^. C.L.Pole = 1.2 x 10"^ 

EXAMPLE-2 

Design of discrete-time linear regulator for seventh order synchro¬ 
nous machine is carried out using the results obtained in previous sec¬ 
tion. The closedloop poles for different values of oc are shown in the 


table-1. 
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TABLB -1 LOCATION OF THE CLOSEDLOOP POLES 




Eigenvalues for different 

values 

of flc 


e“« 

^1 

^2 

7 . 3,14 

^5 

^6 

^7 

0.8333 

-0.6281 

0.6354 

0.1038±j0.0124 

-0.0328 

0.0 

0.0005 

0.7143 

-0.4623 

0.482d 

0.1088±j0.0124 

-0.0328 

0.0 

0.0005 

0.5016 

-0.2271 

0.2427 

0.1038±j0.0124 

-0.0328 

0.0 

0.0005 

0.1999 

-0.0370 

0.0395 

0.1038±j0.0124 

-0.0321 

0.0 

0.0005 

0.1003 

-0.0327 

0.0099 

0.0953±j0.0105 

-0.0091 

0 . 0 

0.0005 


CONCLUSIOW.q 


An approach to the deaiftn of discrote-time linear regulator with a 
prescribed degree of stability is presented. The analytical results ob- 
tamed are verified through two exanplea. It is found that the prescri¬ 
bed degree of stability obtained using the proposed controller is quite 
satisfactory. 
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DECENTRALIZED FAULT DETECTION IN LARGE-SCALE SYSTEMS 

USING SECONDARY OBSERVERS 
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ABSTRACT 

Due to the infomtional conatrainta, the computation and 
ioiplenentation of the Decentralized Fault Detection and Diagnosis 
(DFDD) algorithms are^very complex. In this paper, we propose a 
new method for Decentralised fault detection(DFD) in large linear 
dynamical systems using secondary observers scheme. 

1. INTRODUCTION 

Failure (fault) detection and diagnosis (FDD) is currently 
the subject of extensive research and is an integral part of the 
design ol highly reliable control systems [1-3]. Of the several 
methods available in literature for FDD, the observer based 
methods are gaining importance because the states generated can 
be used not only for FDD but also for feedback controller. Under 
normal conditions the state estimates can be used directly or 
else some compensation is provided under fault conditions before 
feeding them to the controller. However, most of the available 
FDD methods are based on the assumption that the information 
acquisition is centralised. This assumption does not hold in most 
practical situations, since for reasons of economy and 
reliability the information is spatially distributed. Thus, in 
many large systems the information available to fault detectors 
is localised and each detector monitors a specified section of 
the large system. Thus, decentralised fault detection methods 
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gain importance. However, in limited information eituatione, like 
the above, application of the methods available for centralised 
systems is not straight forward and reQuire new approaches. There 
is very little literature on this topic [4.5,6]. 

In this paper, the problem of designing Decentralised 
Failure Detection Systems (DFDS) for the detection of local 
faults in large linear dynamical systems using observers is 
addressed. Ue assume that fault detection and diagnosis are 
performed by local detectors (primary and secondary observers) 
one associated with each subsystem.Further it is assumed that the 
local detectors use only the local information and donot 
communicate among themselves. Thus each subsystem considers the 
interactions of other systems as unknown inputs and the primary 
observers are designed based on the unknown input observer 
theory. Because of this some information regarding global faults 
at local station will be lost. Moreover in the observer based FDD 
the n-dimensional observer state error vector carries the 
necessary information on all possible failures. However, the 
problem is that in practical systems, in which only some of the 
components of the state vector are measured, one hase access only 
to the m-dimensional observer-output error vector, with m<n. In 
order to cope with the above two cases a secondary observer is 
designed to reconstruct the entire observer state error vector 
from the observer output error vector- 

2. PROBLEM FORMULATION 

Consider the large interconnected system comprising of N- 


subsystems described by. 



195 


X|^(k+1) = A|^Xi(k) + BiUiCk)-j-i?A£ jx j(lc) ; 1 = C2.1) 

YiCk) = CiXiCkD; i = 1,2.....N (2.2) 

yioCk) = Cio XiCk); i = 1.2,....N (2.3) 

where x^Ck) is an n^xl state vector, «i(k) is an «ixl input 
vector, y^Ck) is a pjxl output vector of the ith subaystew. 
y £0 is a p|o o'ltput vector of the ith subsystem. 

Here ve are concerned with the problem of desifining N-local 
detectors for detecting abrupt changes in the N-local systems. 
The local detectors do not communicate amongst themselves. Ue 
have, available at each local detector, the following: 

1. measurements of the local input Uj[(k) and local outputs yj[(k) 
and yio(J^)» 

2 . the nominal values of the coefficient matrices Cf, Aj[, and 
Aj[ j , and 

In the equation (2.1), if A^j = 0 or information about =ill 
Xj*s is available at the ith detector, then the problem is a 
classical one. Otherwise, each interaction term A^jxj acts as an 
unknown input which makes the detection problem difficult to 
solve. By appropriately redefining various quantities, we can 
rewrite the term EAjjXjCk) as Dj^dj[(k) with D| having full column 
rank q| in all the subsystems. Ue note that the construction of a 
local detector to detect local faults in (2,1) “ (2.3) requires 
the solution of an unknown input detector problem. The (2.1) is 
modified as 

Xi(k-»-l) = Aj[Xj[(k) + BiUx(k) + D£di(k) ; i = l, 2 , .. ,N (2.4) 

Ue consider this model for further analysis in the following 
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sections. 


3. STRUCTURE OF THE PRIMERT OBSERVER 

Consider the aysten (2.4), (2.2) and (2.3) . Ue aasuiee that 
(C^, Aj:) ia an observable pair,rank C| = P|, rank = Qi and 
rank = q|. 

For convenience we drop the subscript i in all the variables 
indicating the ith subsystem and wherever necessary we 
explicitly include the subscript i. 

Since C has full row rank,a suitable coordinate 
transformation on the states can be found such that C has the 
representation [lp,0]. Ip being the pxp unit matrix. So without 
loss of generality, we assume that the given C is in this form. 

Now an (n~p)“th order observer can be constructed as 


follows[7]: 

Z(k^l) = F2(k) + Hy(k) + Gu(k) (3.1) 

vher e 

2(k) = Tx(k) -f €Ck) (3.2) 

with 

FT ■*' HC = TA (3.3) 

TB = G (3.4) 

TD = 0 (3.5) 


If (3.1) is to be a minimal order observer, we must also have 
(C ,T ) non singular. The particular structure of 
C that we have chosen logically allows one to choose T as 
T = [-L ^n-p^ (3.6) 

where L is an (n-p) x p arbitrary matrix which will be chosen to 
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(3.7) 


(3.8) 



Then we have the follovinfi explicit expressions for F.H and for 


the conditions (3.3) - (3.5) [8,7] 

F = A 22 “ LA 12 (3.10) 

H = FL + A 21 “ LA 11 (3.11) 

G = B 2 - LBi (3.12) 

D 2 - LDi = 0 (3.13) 

Observer (3.1) can be inpleniented, if[7] 

1 . D 2 - LDi = 0 (3.14) 

and 

2. (A 22 " ^^12^ stable eieenvalues (3.15) 


There exists an L such that (3.14) - (3.15) hold,if rank CD = 


rank D = q and p i q[7J. 
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It has bsen shown in Kudva st al £7] that ths sis«n 

a. r.* - LAi-> ) conaiats of two parta: 

spectrum of CA 22 ^ 

i) a part which ia fixed at the invariant zeros of the triple 
(C,A.D) 

ii) a freely assignable part. 

Thus an unknown input observer exists if the invariant zeros 

of (C,A,D) are stable and p i q[7]. 

So in our problem we further assun that the invariant zeros 


of the triple (C,A,D) are stable. 

Nov from (2.2), (3.2) and (3.7) we get 

i(k) = P2(k) + VY(k) (3.16) 

Defining 

e(k) = x(k) - x(k) (3.17) 

Then we can show fr.in (3.2) and (3.16) 

e(k) = ”P€(k) (3.18) 

Ue can further show that: 

€(k+l) = -TAe(k) (3.19) 

Thus we get 

e(k-H) = PTA e(k) (3.20) 


Under normal operation e(k)^0 after an initial transient and 
when a fault occurs it is nonzero and thus indicates the fault. 
In the following sections we consider the fault models in which 
we are interested and how the information of these faults 
propagate into the estimation error. 

4. FAULT nODELS 

The faults we consider here are abrupt changes of unknown 
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Haftnitucl«8 occurinfi in local systems at unknown times. The 
changes in the local system can occur in a number of ways. These 
can be failures of sensors, actuators or large plant parameter 
drifts. The failure detection and diagnosis considered here is 
based on modelling of failures by including in the nominal 
model (2.1) - (2.3), additive impulse or step disturbances, 
occurring with unknown magnitudes at unknown times. Plore 
specifically, the following four different types of failure modes 
can be considered: 


Type 1: State jump 


Xi(k+1) 

= AiX£(k) + BiUi(k)-J = i?Ai jx j(k) + T i 5k+l,0 

(4.1) 

Type 2: 

State step 


Xi (k-»- 1 ) 

= AiXi(k) + BiUi(k)^ = l?Ai jX j(k) + Ti 

(4.2) 

Type 3: 

Sensor jump 


yi(»c) = 

CiXi(k) + Ti 8^.0 

(4.3) 

Type 4: 

Sensor step 


yi(k) = 

CjXiCk) + Tj. <7k_e 

(4.4) 


In all these models, 0 is the unknown time of occurrence of 


the failure assuming a finite value when the failure occurs and 
if there is no failure. T£ is the unknown failure vector 
which is deterministic. cric^B and q are unit step and Kronekar 
delta functions respectively, i.e. 

k < 0 
k 2 6 
k = 0 
otherwise 
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5. FAULT DETECTION USING SECONDART OBSERVER 

In order to observe how these fault Infornation evolves in 
the estimation error, we consider type 1 fault model, i.e. (4.1), 
in this section. For other fault models similar expressions can 
be derived. 

If we implement the observer desiftned in section 3 with the 
system model (4.1), i.e. under fault conditions we can show that 
ef, the estimation error under fault conditions will contain two 
components (i) the estimation error e under normal conditions and 
(ii) a fault component, i.e. if the fault occurs at j = 9 then 
for j i 0 

ef(j) = e(j) + PTCAPT)-*”® t (5.1) 

and when j < 0 the term due to fault is zero. 

However, neither e nor is available for measurement. Ue 
use the measurement equation (2.3) and an estimate of yp to 
generate the required residuals as shown. 

ef(j) = yoCi) ^ CoPTfAPT)"^ ® T (5.2) 

which can be written as 
ef(j) = e(j) + efault(J) 

It is evident from (5.2) that under normal conditions the ef 

I —0 

is zero and is equal to CqPT(APT)‘' t under fault condition. Thus 
we can use this information to identify the fault. 

Here we present an approach which uses the two equations 
(5.1) and (5.2). It is easy to show that these can be generated 
from the following dynamic system under fault conditions: 
e(k+l) = Ae(k) + *^k+l,0 (5-4) 

e(k) = Coe(k) (5.5) 



A * PTA 


(5.6) 


T = PTt (5.7) 

An observer will be deslftned based on the system (5.4) and 
(5.5) with the tern T onited to estimate e(k). This is known as 
secondary observer. Ue propose for the secondary observer the 
follovina structure; 

e(k+l) = A e(k) ♦ K (e(k) - Cq e(k)] (5.8) 

Let us know define the secondary observer's error vector 

a(k). as follows: 

a(k) = e(k) - e(k) (5.9) 

Usinc (5.1). (5.2). (5.8) and (5.9) we can show 

a(k+l) = [A - KCq] ot(k) (5.10) 

If the eiflenvalues of the nxn matrix (A-KCq) are adequately 
located in the unit circle, the solution of (5.10) will be 
asymptotically stable and will vanish as k^- under unfaulted 
condition. To satisfy this condition the nxpQ gain matrix K is 
chosen properly. 

The output of the secondary observer e(k), which is the 

reconstructed error vector of the state, will follow e(k) after a 

initial transient under normal condition. However under fault 

condition, since the secondary observer did not take into account 

the input T of (5.4), the estimate will not follow the true 

bfil 

error. This difference in e(k) and e(k) will used to indicate the 

A. 

fault condition. 

6. EXAHPLE 

Consider the followinft larue-scale interconnected system 
with subsystems described by the followina matrices: 
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10 0 0 

c = 0 1 0 0 

1 

0 0 10 

The local states are xj, X 2 , X 3 and X 4 and local outputs are y 2 

and y 3 . 



The local states are X 5 »x^,X 7 and xq and outputs are Yit/s and y^. 
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C3 = l4- The local slates are K 9 , ^ 10 ' ^11 ^12 outputs 

are yj, Yq* y 9 and yio* 

For the above systens^ the Mtricee Dj^ and the vectors dj^(k) of 


equation (2.4) become 


0 

0.70711 

• 0 

0 

1 

; d (k) = 

1 

X (k) X (k) 

5 9 


0 

0 


2 

0 

0. 


X (k) 


10 


D = 
2 


0 

9 

0 

10 


d (k) = X (k) 

2 10 


D 

3 


0 0 

0.5 0 


0 


X (k) 

1 

;d (k) =|6.079745 x (k) + 0.99682x (k) 
3 'f 2 6 


10 0 0.8 

0 0.0319 0 


X (k) 
5 


For the purpose of demonstration of DFD» we concentrate on 
subsysten 2. The additional measurement equation (2.3) for this 
case is 


10 10 


y (k) 
20 


0 10 0 

0 0 0 1 


X (k) 

5 

X (k) 

6 

X (k) 

7 

X (k) 

8 
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Uo conaidered a jump typa of fault (type 1) of maflnitude 10 
in the state variable xj of the subiyate* 2 occurring at 0=5 and 
observed that the detector of subsysteai designed using the 
technique of sections 3 and 4 give the following results: 

A change of -10.02 is observed at 0 = 5 in e(k). When the system 
is normal the detector gave the following result: 
e(lc) = 0 after an initial transient. 

To show that the detector of subsystem 2 will not detect 
faults in other subsystems we created a jump type of fault in 
state variable X;lo of subsystem 3 of magnitude 100 at 6 = 5. The 
observations made at detector of subsystem 2 indicate the following 
e(k) is observed to be the same as under normal conditions. 

CONCLUSIONS 

In this paper* we have developed a new technique for local 
fault detection in a decentralized environment, with the 
informational constraints stated in section 2, using unknown 
input observer theory. The combination of primary and secondary 
observers is optional, i.e., one can use simple techniques on 
equation (5.2) for DFD. However, the use of secondary observer 
estimates the state estimation error e(k). which contains lot of 
information regarding the system faults. Although we have 
considered specific fault models, our method is general and can 
also be applied for other types of faults [9,10]. 
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Abstract - For effective control of power systems a quick 
transient security evaluation of the operating state is 
essential. The paper presents a pattern recognition (PR) method 
for quick transient security evaluation of power systems using 
steady state variables. The method uses a pattern vector which is 
selected on the basis of power system governing equations. The 
presented approach requires very small on-line computational time 
while keeping misclassification rate within desired limits. The 
method is illustrated by an example. 

1 Introduction 

The primary aim of power system control is to provide 
adequate uninterrupted (reliable) supply of electrical power 
within set limits of frequency and voltage levels. To ensure 
reliable operation of modern power systems, which are large and 
complex, a quick evaluation of power system security is 
essentia 1.C1-33 

The transient security of a power system is a dynamic 
problemC2,43. In the decade 1970-80 different pattern recognition 
(PR) techniques have been studied for transient security 
evaluation using steady state variables which resulted in 
classification error typically of the order of 10*/.C2,43. In the 
decade 1980-90 various PR techniques have been studied for 
transient security evaluation using transient variab1esC4-83. 
This approach though reduced the classification error 
considerably, resulted in complex methods requiring more 


computational time. 
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In this paper it is painted out that the large 
classification error in transient security evaluation using 
steady state variables as reported in the literature is due to 
the application of inappropriate/inadequate PR methods. A pattern 
vector containing minimum number of independent and directly 
measurable steady state variables for transient security 
evaluation is derived. A PR method is presented using this 
pattern vector which is simple, accurate enough and requires 
smaller on-line and off-line computational time and efforts as 
compared to the existing methods. Application of the proposed 
method is illustrated by an example. 

2 Proposed pattern recognition Method 

The presented approach requires designing of separate 
security classifiers for different network and generator 
configurations. It will be seen later that this approach 
drastically reduces the size of the classifier. This approach 
also makes parallel processing of all the configurations possible 
thereby enabling fast determination of security classifiers. 

The proposed procedure for determining a transient 
security classifier using PR method requires defining of a 
pattern vector x_ whose components contain all significant 
variables of the power system. The vector alongwith the power 
system transient security are evaluated at many representative 
operating conditions to generate a set of known class (security) 
patterns, called training set. The transient security is 
evaluated by performing load flow calculations using economic 
dispatch and transient stability studies. 

Some components of the pattern vector may be strongly 
correlated with one another and hence all the components may not 
be necessary to obtain the security classifier. Therefore a 
process of dimensionality reduction is performed to identify 
significant and hopefully uncorrelated set of components. The set 
of significant and uncorrelated components is called feature 
subset z and the process of obtaining it is called feature 
selection. Final step is to determine a security classifier 
function S(z.) by classifier design algorithm such that S(z.) > 0 
for a secure state and S(z_) < 0 for an insecure state. 
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The proposed pattern vector, feature selection algorithm 
and classifier design algorithm are discussed in subsequent 
sec tions. 

Pattern vector 

Power system variables which are closely related to 
transient security are selected as components of pattern 
vector.C4-73 Generally, for the determination of the power system 
security first swing stability of the multimachine power system 
for each fault in contingency set is evaluated- The criterion for 
the evaluation of first swing stability is that at the end of one 
second of occurrence of the disturbance if the generators' rotor 
angles differ less than or equal to 100* then the system is 
termed as stable and if the generators' rotor angles differ more 
than IBO* then the system is termed as unstable. If the system is 
stable for all the disturbances in the contingency set then it is 
termed as secure. If the system is unstable for one or more 
disturbances in the contingency set then it is termed as 
insecure.C2,4,53 

with 
rotor 
swing 


m 

Pei = Yii Cos ©ii + Ei E Ej Ytj Cos(Sj-Ej-©ij) <2) 

j» 1 

jfi 

where, 

» coefficient of inertia of i th generator! 
g- =: rotor angle of i th generator assumed equal to angle of 
voltage behind transient reactance? 

^'^mi * mechanical power input to i th generator? 


Thus the transient security of power system concerns 
the generators' rotor angles deviations. The generators' 
angles are determined from the following set of 
equationsC4-73. 


2 

d S 


Pnii - P.i . i'1^2 


f t 
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Pgj^ = electrical power output of i th generatori 

Ei = voltage magnitude behind transient reactance ' of i th 
generator; 

Yjj = magnitude or modulus of ij th element of equivalent system 
admittance matrix (system represented by generator buses 
only); 

Ojj = angle or argument of ij th element of equivalent system 
admittance matrix; and 
m * number of generators. 

The Eqs. (1) and (2) Indicate that the generators' rotor 
angles and hence transient security is a function of the 
following variables: 

(i) Inertia constants of the generators; 

(ii) Predisturbance generators' rotor angles which are 
functions of the predisturbance terminal voltages of the 
generators, their transient reactances and predisturbance 
real and reactive power outputs of the generators; 

(iii) Mechanical power input to each generator which is assumed 
to be equal to predisturbance electrical output (real 
power) of each generator; 

(iv) Magnitude of internal voltage (voltage behind transient 
reactance) of each generator which is a function of its 
predisturbance terminal voltage, transient reactance and 
predisturbance real and reactive power output; 

(v) Modulus and argument of the power system admittances which 
are a function of impedances and susceptances of 
transmission lines, transformers and static capacitors 
during disturbance and post-disturbance periods, loads and 
predisturbance voltage magnitudes of the buses to which 
the loads are connected; and 

Cvi) Disturbance duration and maximum time of study (maximum 

time of study is generally taken as one second for first 
swing stability). 

Therefore, the features which can be considered for 
transient security classifier are Inertia of each generator, 
predisturbance terminal voltage (complex) of each generator, 
transient reactance of each generator, predisturbance real and 
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reactive power outputs of each generator, impedances and 
susceptances of transmission lines, transformers and static 
capacitors during disturbance and post-disturbance periods, real 
and reactive loads and predisturbance voltage magnitude of each 
load bus, disturbance duration and maximum time of study. 


As mentioned in the 1iteratureC93 the features which are 
common to all pattern classes under consideration carry no 
discriminatory information and hence can be ignored. Such 
features are inertia constant of each generator, transient 
reactance of each generator, impedances and susceptances of 
transmission lines, transformers and static capacitors during 
disturbance and post-disturbance periods, duration of the 
disturbance and maximum time of study. These features are common 
to both secure class and insecure class for the given power 
system and contingency set and hence contain no discriminatory 
information and can be ignored. The remaining features which are 
important from classification point of view are ; 


(i) Predisturbance terminal voltage (complex) of each 
generator, 

(ii) Predisturbance real and reactive power output (generation) 
of each generator, 

(iii) Real and reactive loads on each bus, 

(iv) Predisturbance voltage magnitude of each load bus. 


It may be noted that all of these remaining features are 
steady state variables only. Hence it can be concluded that it is 
sufficient to use steady state variables as features for 
transient security evaluation. 

In a power system operating in steady state the terminal 
voltage (complex) of generators, reactive power output of 
generators and voltage magnitude of each load bus are functions 
of real and reactive power demand/load at each bus, voltage 
magnitude of generator buses, reactive power limits of generators 
and network admittances.CIO,113 Therefore the set of variables 
obtained for pattern vector may be modified as follows : 

(i) Real power generation at each generator bus, PG^, 
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■ a • 

(ii) Real power demand at each bus, PLj, 

<iii) Reactive power demand at each bus, QL^, isl,2,...,n. 
where n is the total number of buses in the system. 

Voltage magnitude of generators, reactive power limits and 
network admittances (complex) have not been included in the above 
set because they are common to secure and insecure classes for 
the given power system and hence do not provide discriminatory 
information from classification point of view. 

Uhen the system is economically dispatched the real power 
generation at each generator bus is a function of real power 
demand/load at each busClOl. Also it may be assumed that the 
power factor at system load buses remain practically 
constantC4,123 thereby making reactive power demand of each load 
bus a function of real power demand. From these considerations it 
is clear that the pattern vector containing real power demand at 
each bus PLj, i=l,2,...n is sufficient to describe operating 
state of a given economically dispatched power system for 
transient security evaluation. 

Assuming a quadratic classifier the pattern vector will 
consist of the real power demand at each bus PLj, i=l,2,..-,n and 
their products PLjKPLj, i = l,2,...,n, j = i,i + 1,... ,n. The number of 
components in the pattern vector is n(n+3)/2. Expressed 
mathematically the pattern vector chosen is 

CPLi PL2 .. PLn PLixPLj .. PLjxPLn .. PLnxPLn 3^ 

Each of the component of the pattern vector is divided by 
its average value in the training set before applying feature 
selection algorithm. The transformation converts each variable to 
have unit average value in training set. It has been observed 
that the feature selection and classifier design algorithms work 
effectively by using this transformation. After classifier design 
the weightsC1,2,93 of the classifier obtained are transformed by 
dividing into weights the average value of the corresponding 
variable in the training set. This makes the application of the 
classifier on test patterns (test load samples) without 
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transforming them. 

Feature selection 

The proposed feature selection procedure is implemented 

in two stages. In the first stage the features are selected from 

T 

pattern vector k = Cxj X2 •» Xq3 based on maximization of a 
criterion function F defined by Eq- (3) : 

I mg — mj I 

F = - (3) 


where, 

mg = mean of the variable in the secure class 

mj = mean of the variable in the insecure class 
2 

Sg * variance of the variable in the secure class 

2 

Si = variance of the variable in the insecure class 

Selection of features begin with the computation of F- 
values for all the components (variables) of pattern vectors in 
the training set. The variable with largest F—value is selected 
as first feature, let this variable be designated as zj. The 
correlation coefficients between zj and each of the rest of the 
variables are determined. Those variables are discarded which are 
highly correlated to z^ say with correlation coefficient greater 
than kj- where 0<kj-<1.0, thereby removing most of the redundant 
information. Now from the remaining variables, the one with 
largest F- value is selected as second feature say Z 2 - The 
preceding procedure is repeated until all the variables are 
considered. This process will give a feature set z. = C Z| Z2 •• 
Zp 3 ordered in descending order of value of F~function of each 
feature. The selection of the value of correlation coefficient k^ 
is important and should be taken such as to give optimal results. 


In the second stage a feature subset is selected from the 
features obtained in the first stage using performance dependent 
feature selection procedure. Starting from the highest ranked 
feature Zj in the feature subset the remaining features 
Z 2 ,Z 3 ,..,Zp are included in the feature subset one by one, in the 


are 
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order of their ranking, and an optimal classifier corresponding 
to each of the feature subset generated is designed using 
proposed classifier design algorithm. The classifier designed is 
tested on training set patterns everytime and the process is 
terminated when either error free classifier is obtained or 
inclusion of the feature increases classification error. The 
above process gives a feature subset 2 . * Cz^ Z 2 .. , 1 < p. 

Classifier design algorithm 

Increment-correction algorithmC93 based on statistical 
approach is used for determination of security function or 
classifier. The algorithm provides an optimum classifier for the 
given feature subset. 

3 Illustrative example 

Power system description 

A 9 bus, 230 kv power systemC13] is chosen to illustrate 
the application of the proposed transient security evaluation 
method. Fig. 1 depicts a one-line diagram of this system. The 
system parameters in p.u. on 100 MVA base are given in Tables 1 
to 3. 


I8KV 230KV LOAD C 230KV 13-BKV 



FIG. 1 ONE LINE DIAGRAM OF 9 BUS SYSTEM 
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Table - 1 


Transformer Data (in p.u.) 


From Bus 

To Bus Resistance 

Reactance 


2 

7 

0.0 

0.0625 


3 

9 

0.0 

0.0586 


1 

4 

0 

e 

0 

0.0576 



Table 

' - 2 



Transmission Line 

• Data (in 

p.u.) 

From 

To 

Resistance 

Reactance 

Susceptance 

Bus 

Bus 




7 

8 

0.0085 

0.0720 

0.1490 

8 

9 

0.0119 

0.1008 

0.2090 

9 

6 

0.0390 

0.1700 

0.3580 

6 

4 

0.0170 

0.0920 

0.1580 

4 

5 

0.0100 

0.0850 

0.1760 

5 

7 

0.0320 

0.1610 

0.3060 


T ab 1 e — 3 
Generator Data 


Generator 

1 

2 

3 

Rated MW 

247.5 

192.0 

128.0 

X 

a 

• 

c 

• 

0.0600 

0.1198 

0.1813 

Stored- 

2364 

640 

301 

energy 




Cost 

59.4+0.0703P 

155.5-^0.489P 

77.3+0.456P 

function 

+0.00745P2 

+0.00393P* 

+0.00773P * 

$ per hr 





Note : 1. Here P is the generated power in MW 

2. Stored energy is in MW-s at rated speed 

It is assumed that the loads are randomly distributed 
have a multivariate normal distribution functionC143 with 
following mean and covariance- 

T T 

Mean load * C PL 5 PLg 1 * C 1.25 0.90 1.0 ] 

(in p.u.) 


and 

the 
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5 6 B 

r 1 

5 I 0.01563 0.00900 0.01000 | 

Covariance of load = 6 j 0.00900 0.00610 0.00720 | 

8 I 0.01000 0.00720 0.01000 | 

L J 

The power factor of the loads are assumed to be constant 
and equal to 0.94. Bus 1 is taken as the swing bus with voltage 
magnitude 1.025 p.u. and the buses 2 and 3 are voltage controlled 
buses with voltage magnitude 1.025 p.u.. 

Type and duration of the disturbance s The contingency set 

contained only one disturbance that is a three phase short 
circuit on transmission line connecting buses 5 and 7, near bus 
7. The fault is cleared after 200 milliseconds by opening of the 
line at both ends. On conducting detailed stability studies it is 
found that three phase faults at other locations are less severe. 

Security Function Evaluation and Test Results 

Ninety different load samples are generated for loads A, B 
and C according to given means and covariances of loads. The 
transient security class of each load sample (representing 

operating state of the system) is calculated as follows. Each 
load sample is considered one by one. For the load sample under 
consideration the optimal output of each generator is determined 
by economic dispatchClOl calculations including losses. Using 
optimal output of generators a load flow calculation is performed 
to obtain steady operating state of the system for the load 

sample. Gauss-Seidel iterative techniqueC11,151 is used for 

obtaining load flow solution. The transient stability of the 
system operating state under the specified disturbance is 
determined by solving swing equations using modified Euler's 
methodClll. If the operating state of the power system is found 
to be stable then the load sample is classified as secure. 
Otherwise, the load sample is classified as insecure. 

A pattern vector is formulated by the loads and their 
products for each of the 90 load samples. Since there are three 
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loads, the pattern vector contained nine components in all- 
Application of the feature selection algorithm gives two 
features namely PLgxPL^ and PLsxPLg. The limiting value of 

coefficients of correlation k^- during feature selection is taken 

equal to 0-95. Using the subset of features a classifier i* 
designed by the classifier design algorithm. The classifier 
obtained is as follows. 

S<PL.> == -O.2495536xPL5PL6-O.2455540xPL 5PL0-»-O.7436354 
The classification rule is : 

T 

if S(PL) > 0.0 then the set C PL 5 PL^, PLg 3 is secure, 

j 

if S(Pi^) < 0.0 then the set C PL 5 PL^ PLg 3 i« insecure, and 

if S(R=.) = 0.0 then the set I PL 5 PL^ PLg 3^ is inconsistent. 

Where all PLj are in p.u.. 

The classifier is tested on all the 90 load samples and it 
is found that these are correctly classified giving a correct 
classification rate of 100*/. The classifier is also tested on a 
separate set of 600 load samples constituting the test set and it 
is found that 509 load samples are correctly classified giving a 
correct classification rate of 90.2/. 

4 Conclusions 

In this paper use of steady state variables as features 
for the purpose of transient security evaluation of power system 
by PR method has been investigated. The presented PR method is 
simple, accurate enough and requires smaller on-line and off-line 
computational time and efforts as compared to existing methods. 
Therefore the proposed method can be used for quick on line 
transient security evaluation of power systems enabling effective 
control of power systems. 
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DISCRETE QUASI-ARMA MODELLING OF SYSTEMS WITH POINT DELAYS 
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Indexing terms ; ARMA models. Point delays. 

Abstract ; The letter deals with the derivation of a discrete model for 
linear invariant continuous systems involving point delays and subject 
to sampling through a sero-order hold, fhe used method consists of the 
application of the Cayley-Hamilton Theorem to the state transition ma¬ 
trix. The model consists of an ARMA part involving a finite set of in¬ 
puts and outputs plus nonrecursivs additive terms associated with ini¬ 
tial conditions and old inputs. Such models can be relevant in parame¬ 
ter estimation or implementation of discrete adaptive control. 


Introduction ; Systems involving internal (i.e., in the state) and ex¬ 
ternal (i.e., in the output) delays have received much attention in 
the last years The characterisation of thpir typical properties 

like observability, controllability and stabilizability become more 
involved to analyse than in the delay-free case In particular, 

several (non-equivalent) definitions of observability have been given ^ 
and sometimes the plant stabilisation can only be achieved with unsta¬ 
ble controllers Consider the system 

i (t)*= A X (t)-l“ X (t-hi)4* B u (t)-4- ^ u {t-h{) (l.a) 

y (t)* C X (t) (l*b) 


for ell t^O where x (.) € • u (.) ^ , with u (t)- 0 for 

t ^0, and y (.) ^ IR® Mrs, respectively, the state, input and out¬ 
put and h( ^>0 and h^ 0 are point internal and external delays 

with hjL-Ch^ 4.1 » i ■ If 2,..., p-1 ; j * If 2,..., q-1 • 

X (.) ie initialised with an arbitrary piecewise continuous fxmction 
Y : [-hp , 03-^fR“ with YCO)- Xo . The unique solution of eqn. l.a 
on Co» ) is 3-4 


X (t)« 


At „ « 

e *0 ^ 


Jt I (T- hi)-*- u (-C)] dt , t>:0 (2) 
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with u (t)a B u (t) 4- ^ u (t—h{). 

J»r®® J* 

State transition matrix t A unique state tx^anaition matrix 'V (t) exists 

for the unforced eqn* l.a satisfying the differential system 
* P 

Y (t)- A t (t) + f", Aoi Y(t -hi), t > 0 ; Y (0)- 1 , Y (t)- 0 for t ^ 0 

(3) 

which is given for t ^ 0 by the nonsingular matrix function 

Y{t)“ ^Jhi •”*’^*01 'i’(f-hi) D (t-hi) dTl (4) 

where D (*c) is the unity step function at T* 0 • Bqn. 2 can be equi 
valently written by using eqn* 4 as 

X (t)- Y (t) X + ^ Y (t-r) A i Y (T-hi) dT ) 

i*l J o 

+ I* Y(t-T) u (T) d-r , ti 0 (5) 

Outline of proofs ; Taking time-derivatives in eqn# 4 with the use of 
eqn« 3 proves that eqn* 4 is the unique solution of eqn* 3 by using stan 
dard unicity arguments ^ • Mow, take tlme-deri vat ires in eqn. 5 with the 
use of eqns. 3**5 to yield eqn* l»a . This proves that eqn* 5 is its uni 
que solution, thus being equivalent to eqn* 2/ , by using the above uni 

city arguments. 

Statement of the problem s Assume that u (t) is discretized with a 
sampler and zero-order-hold so that u^kT-vTl* » all X C |^0, T); 
k » 0, 1,... with T being the sampling period, and 

“ujj i u (kl)« u QIcT +T3 » B 4- ^ Boj “k-ij “ ^ ®J “k-J (6*®) 

Bo - B 4-Bo j : Bi - Boj (6.h) 

j«i 3*qi.i 

all T" ^ C Of T) where Jj (being nonnecessarily distinct) and qt are 
unique nonnegative integers fulfilling (k-S^) T ^ kT-h^ ^(k-Sj4-l)T ; 
(^■“1)1 t£^kT — h^ <(k — i*4'l)T $ j« 1, 2,.**, q?-^* i—i^ ^ '*• **^1 • 

i * 0, 1,..., q 1 with qi ■ Sq t ^ then 

Bq « B). Sqns* 6 quantify the contribution of the external delays to the 
solution (eqns. 2 or, equivalently, 5) by locating each time kT-hj 
within a sampling interval belonging to fkp f , k T ) some k^ ^ k . The 
discrete model is derived as follows when’applying the inputs eqns. 6 * 
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First, apply recursively eqn. 5 from t » (k 4- n) T to t * kT with 
initial conditiona on CkT-hp, ktl , together with eqna* 6 to yield 

’'k+n' c (It + “)* 3 - 'V“(*) + ^ ^ 'Y"-i-l(T) 'V (T- X) 

i«so t *1 ® 


Ao£ X [(k4i)T4T-h|3 dT-f- 


n-1 <11 


i«o j«o 


(jI,yn-i-l(T)'V(T-r)B3 dT)uk^.i_;, 

( 7 ) 

Apply again eqn. (5) with initial conditions on [-hp ,o3 to yield: 

X C(k+i)T+T-h^> Y C(fc + i)T-*-7r- + YC-•-DT+T-r'-h^] 

■4! *1 

k4i~ 2 qi «!» |<+i-2-4' I » 

Ao€' 'i(tr'-h^O ^ (JoVlT] 


( 8 ) 


Bqn. 7 can be rewritten by using eqn. 8 as 

tin k4n-l 

\ + (T) (*)+ e,c+n 

< *K->q-, 


where f( ) » ^( ) ®( ) n-vectors defined by 




(9) 


(10.a) 


n**l P 


k-t n 


isO 


ST 'V (T-T) £ Y[(Jc+i) T-tT-h^3 


H- ST ( y C A.i' YCT'- h^') d V' )}■ dT 

* (lO.b) 


8k+n = u^+ ^ ^ (J* Y"-i-i(T)Y(r--t)ij«)u 

4»k-qi 4-0 1-0 J-o •' •' 

i- ^ ^ [ P-* f* (T --f) *04 Y(T-T^ Bj dT'dT] u 

p^li^o l /'«0 j«o *" Jo Jo ^ 


■f 

( 


fhe fT4T-hj _ 

Jo Jo Bo dT'dT ) 


■" ST ^ Jo* J» ^ 


(10.c) 


where *>(,) and are nyLm^n&trtx sequences which are uniquely 

determined from the last right-hand-side of eqn. (10.c) by separating 
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the contributions of the input on the Intervals £.0 » (k-qj^ -1 ) t1 

and C (Ic-Qil) ^ » (k-i* n -1) T J , the second one bein^ related to the 
current modelling interval t kT , (k-t- n) t 1 after rewrittin^ eqn. 

10.c with only a summation index for the input. For Instance, the first 
additive term of the second right-hand-side of eqn. 10. c is Identical 

i=o j= max (O,i-q^)0o (T)'H*(T-1) dT) while 

similar expressions are available for the remaining additive terms of 
g(.) . Now, the application of the Cayley-Hamilton Theorem^ to ^^{T) 
to yield ^a(I)= ^ and the substitution of 


t 


n-j 


3=1 n-j 

k->-n-j-1 


^ ^k “ ^k-t-n-j (ees eqn. 9 with the 


change n n - j ) into eqn. 9 leadrto 

^ I ^ “-e “ 

k-qx 


n 


^k-t- n 


0=1 
^ Pk + n 


^n-j ^k-fn-j 


n 

^ iii mm. . 

^1 *^n-j Pk + n-j 


j=l -C= k-qx ^ 


( 11 ) 


Finally, the substitution of eqn. l.b into eqn. 11 yields the next 
quasi—ARMA (QtJARMA) discrete model 

^ (q ^ ^k+n = ® (q*^) ^lc4 nCTic+n ' ^ ® (12) 


where j is a signal being dependent on initial conditions and pre¬ 
vious inputs to those within the current modelling interval |[kT, (k+n)T], 

and /A (q and IB (q“3.) are polynomials in the time-delay operator 
(i.e., q“l = ^k-1^ whose definition follows directly from (12)^ 


I . ^'^g^pretation of eqn . 12 : The reason for the presence of the sig- 

nal in eqn. 12 which makes the discrete model not to be ARMA 

IS that the semigroup and state transition properties, which are well- 
known in the delay-free case ^ , are not fulfilled by system eqns. 1 . 

Thus, (t^) f '^(tg -t^^) ^ (t^) except when Oi&tx^tg^hx ^ (t)= e^^, 
■t € Co, h^D (see eqn. 4) and 

j: (tj) ^ f(t 2 - t^) X (tj^) (t-T) u (r ) dr (aee eqn. 5). A 

first consequence is that a possible substitution 

0 'Y^ “ ^k (*^)3 into eqn. lO.b to Incorporate a new 

term from the non-ARMA contribution term of model eqn. 12 to 

its ARMA part would not be useful for modelling purposes since, becau¬ 
se the semigroup property fails to hold. 
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PUBLIC SECTOR AND ECONOMIC GROWTH. ESTIMATION AND SIMULATION. 

Angelo Fusari 
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Abstract The model that this paper sets out is aimed at evaluating, at macro level, the influence 
of public services and public capital on economic growth. It has been estimated in continuous time, 
using a FIML estimator. Some forecasting and simulation experiments are carried out. 

1. INTRODUCTION 

There exists tight interrelationships between the efficiency of the public sector, economic 
growth and the public sector deficit. It is of vital importance for economic policy to highlight these 
interrelationships, particularly with reference to public sector activities characterized by market 
failure, as their inefficiencies cannot be overcome through privatization. 

The distinction between public sector services received by families and firms is a basic 
feature of this work. It shows the interaction between these services (as well as public sector 
capital) and the private sector value added, capital accumulation, prices, wages and, as a 

consequence, public sector revenue, expenditure and debt. 

In particular, the model proves that an increase in public services and capital stimulates 

positively the rate of growth of the private sector and helps curb inflation, public sector 
expenditure and deficit, thus setting in motion a virtuous circle of stabilization of the economy. 
Conversely,inefficiency of the public sector results in a vicious circle. 

A limitation of the model structure is due to the fact that, while this specifies the effects 
of income distribution on prices, through the wage equation, it does not consider the effects that 
income distribution may have, via the rate of profit, on accumulation and the rate of growth of 
income. To take into account these effects, a different specification of the model would be 
requested. Precisely, quantities should not be explained by a production function, this should only 
influence them indirectly, through costs formation, while some other additional effects on 
production and accumulation should be displayed by demand conditions and income distribution. 
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A model of this kind has been exposed elsewhere^; it specifies the effects that the public 
administration inefficiencies display on the rate of growth through their impact on the private 
sector profit rate. 

Section 2 describes the model structure and sketch out some aspect of the operative 
mechanism of the model. Section 3 presents the estimation results and section 4 carries out some 
simulation experiments aimed at evaluating the economic effect of policies centered on the 
improvement of public services and capital. 

2. THE MODEL STRUCTURE 

The Italian economy is characterized by profound disequilibria and dualism, both at sectoral 
and territorial level, that largely affect the relations between the public and private sectors. As a 
matter of fact, the public sector has largely operated as a refuge for the excess of labour; such a 
behaviour has slowed down its efficiency, especially in the less developed areas. 

The model outlines the effects of the above tendency and wage imitation on the cost 
sustained by the public administration to produce services (cost mainly due to wages), then on 
public expenditure and deficit. Another important feature of the model is the specification of the 
impact displayed by the public services received by firms and public infrastructures on the 
productivity of the private sector. Besides, the inclusion, in the wage equation, of the trade-off 
between the public services received by families and wages allows us to capture some inflationary 
effect of the inefficiency of the public sector. 

The result is that public sector efficiency and production influence growth, inflation and 
public sector deficit. These effects can be described as follows: 

The production of public services received by firms and public investment stimulate the 
private sector rate of growth as well as sectoral productivity, while the increase in public services 
received by families curbs wage dynamics and inflation. At the same time, the reduction in the 
dynamics of the nominal wages paid by the public administration reduces the rise of this 
component of public expenditure, while the deceleration of inflation will determine a parallel 
deceleration of some other component of public expenditure, first of all interest paid on public 
debt, if we associate to that deceleration a parallel reduction of nominal interest rate. We can see, 
therefore, that the production and efficiency of public administration (P.A.) have a remarkable 


*See Fusari A. (1993). Of course, in a strictly neoclassical approach the problem sketched above takes 
a different form, being income distribution determined by the parameters of the production function, while 
accumulation is determined by saving, i.e. the preference between present and future, in the hypothesis thab 
saving equals investment. 
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stabilizing effect on economy. 

A disequilibrium continuous time model has been specified. It is formed by 11 stochastic 
equations of partial adjustment and 3 identities. 

Equation 1 is a Cobb-Douglas production function explaining the private sector value added, 
with constant return to scale of capital and labour and increasing return with reference to the 
totality of its explanatory variables that also include public sector services received by firms and 
the lagged public investment expressing the variation of the stock of public capital, mainly 
infrastructure. 

Equation 2 explains employment in the private sector simply through the inverse of the 
production function. This does not cause serious specification problem as function 2 is expressed 
as a first order adjustment equation, not as a zero order one. For its part, equation 3 explains 
dependent employment in the private sector as a share of the total private employment, which 
increases when the rate of growth of the private value added slows down as, in the depression, the 
reduction of the demand of labour stimulates independent employment. 

The unit nominal wage in the private sector is expressed as a function of average labour 
productivity, consumer prices, the taxes payed by workmen. Besides, a trade-off between public 
services received by families and wages is postulated, in the event that a lack of these services 
increases families’ spending to purchase substitutes. 

Equation 5 of the unit nominal wage in the P.A. presumes that this follows the wages 
earned in the private sector, by imitation. In the short run, even the contrary may happen. But 
wage leadership by the public sector does not seem plausible in general, as the wages it pays have 
to financed, in the end, by taxation, so that they depend on the capacity to pay of the private 
sector. 

Equation 6 bases the explanation of consumer prices on the unit labour cost and the rate 
of indirect taxes. 

Public expenditure for interest on public debt is given by a linear approximation of the 
product between the amount of such debt and interest rate on government bonds; while the 
variation of public debt is expressed as a function of the public sector deficit. 

Accumulation is explained through the principle of adjustment of the capital stock. Exports 
are expressed as a function of the ratio between domestic and international prices and world 
demand; while imports are a function of private value added and relative price. 

Equation 12 for the value added od P.A. at current prices, expressing the labour cost 
soustained by P.A. for producing services, is given by an identity reproducing the way of its 
statistical computation. Finally, public sector deficit is the identity between public revenue and 
expenditure. 
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Model equations ^ 

(1) PJosrrac=ailog(-^) 


( 1 . 1 ) rac=YiX-/‘JfPS/’ ( i) **' 


A 

(2) i:?io9^Lj.=a2log (-^) 

Lj. 


A 1 ) -li J 

( 2 . 1 ) Lj,=Y 2 ^^C^^ir 


A 

(3) r>JogrL^=a3log(-^) 


(3.1) L^=y3^t 

A 

(4) Diogw ^a^log 


(4.1) ^p=Y4( 




T/Jt 

(5) DJogVpj|=a5log(—£3) 

(5.1) t^p^=Y5tv'p^* 


A 

(6) DlogPC^a,log {^) 

PC 


(6 . 1 ) 


PC=Y 6 ( 


UAC 

P ji 


PlO 


T- 

j 

racp 


'11 


(7) iogPC-C^P^2io5rB+C2pi3i+logY7 
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A 

(8) DJog-B=a,log(^) 

(8.1) B=ygDP'‘'‘ 

A 

Zr 

(9) Dlogk=aglog ( 

(9.1) 


(10)DJog£rXP=a9log( 


£yp > 

EXP 


(10.1) £XP=Yio^’C'^” (Pj$) 


(11) Di ogJWP=a 10 1 og 


IMP -. 

IMP 


(11.1) JWP=Y 11 rac'*” () 


PC S P 
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( 12 ) VAPAP=Wp^*Lpj^ 

(13) DlogK=k 


(14) PP= ( VAPAP*RC+I.+RU- CSIR--RE) 


Endogenous 


= Private sector value added in real term. 

= Total employment in the private sector. 

= Dependent employment in the private sector. 
= Money wage rate in the private sector. 

= Money wage rate in P.A. 

= Consumer price index. 

= Public sector interest’s payments. 

= Total amount of public debt. 

= Real exports of goods and services. 

= Real imports of goods and services. 
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DP = Public sector deficit. 

K = Real capital stock in the private sector, 

k = Proportional rate of increase of K 

Exogenous 

PSi = Public services received by firms. 

PS| = Public services received by families. 

Ip = Public sector investment in current lire, after deduction of that in housing. 

Pk = Price index of capital goods. 

P = Deflator of the private sector value added. 

Pi = Exports unit value index of manufactures of OCSE countries, in US dollars. 

PIMP = Price index of imports, in US dollars. 

$ = Exchange rate lira/dollar. 

Yw = World real income, 

i = Interest rate of government bonds. 

LpA = Employment in P.A. 

Ti = Indirect taxes. 

CSIR = Social security contribution plus taxes paid by workmen. 

RE = Remaining public sector revenue. 

RU = Remaining public sector expenditure. 
oi = Adjustment parameter. 

0 = Elasticity. 

7 = Intercept. 

D = Symbol of derivative. 

= Symbol of partial equilibrium. 

3. ESTIMATION RESULTS 

The estimation is in continuous time; it utilizes a FIML estimator and quarterly data series 
ranging from 1980 to 1991. The estimated parameters have an asympotic normal distribution. 


_Table 1 

II Estimated adjustment oai 

rameters 1 

Parameter 

Estimate of 
parameter 

Asymptotic 
standard err. 

t-ratio 

Mean time 
lag(in quar.) 

-QU _ 

KiXSIilHHHIi 

KiffEEflHHIHH 

4.43 

1.562 

"2 

0,025 

0,020 

1,22 

40.0 


0,248 

0,051 

4,89 

4,032 

0^4 

1,769 

0,422 

4,19 

0,565 

as 

0,914 

0,272 

3,45 

1,063 

Ol6 

0,157 

0,036 

4,37 

6,369 

a? 

0,035 

0,012 

2,94 

28,571 

«« 

0,461 

0,073 

6,35 

2,169 

Qf9 

3,109 

0,840 

3,70 

0,322 

“10 

1,756 

0.445 

3,95 

0,569 
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C, = 1.38413 C 2 = 37.4898. 

The model being expressed in logarithms, the estimated parameters give the elasticities. All 
parameters are significantly different from zero at the 1 percent level, except one and two 
intercepts. 

It is important to consider the value of the parameters expressing the effect of the public 
services and public capital on the value added and wages of the private sector. At this purpose, 
we can see that an increase of 1 percent in public services received by firms cause (through ft) 
a 0.41 percent increase in the private sector value added; for its part, an increase of 1 percent of 
public sector investment in real terms cause (through ft) a 0.33 percent increase in the private 
sector value added, while an increase of 1 percent of public services received by families slows 
inflation of 0,69 percent (through ft). This proves the relevance of the public sector activity to 
economic growth and inflation and, as a consequence, to public sector expenditure, revenue and 
public debt. 

The model structure and the estimation results seem to refuse the Ricardian equivalence 
between taxes and public debt. As a matter of fact, we can see that a reduction in public sector 
deficit by increasing taxation stimulates inflation through parameters ft and j8,i. Public sector 
deficit seems to have lowered the impact on prices of the inefficiencies of public administration 
and favoured the acceptance of them by people, with respect to the case that they had implied a 
higher taxation. In addition, the inefficiencies of the public administration reduce the rate of 
growth of value added both directly through the production function and owing to inflation they 
stimulate, that reduce (in the presence of fixed exchange rate) exports, thus causing a squeeze of 
domestic demand aimed at meeting the disequilibria of foreign accounts. As is well known, a rate 
of growth inferior to the real interest rate implies the unsustainability of public debt. For this 
purpose, it is worthwhile pointing out that public sector debt caused by some persistent 
inefficiencies of public administration largely differs from the one due to exceptional needs (in 
Ricardo’s sense). At first, it hides the above inefficiencies, that therefore can freely develop; but 
a cumulative and unrestrainable growth of public sector deficit will follow, pushed by such 
inefficiencies. 

4. ON THE EFFICIENCY OF FORECASTS AND SOME SIMULATION EXPERIMENTS. 

A picture of the forecasting efficiency of the model may be given by the root mean square 
errors (RMSE) resulting both from static and dynamic simulations. Being the model expressed in 
logarithms, the RMSE give the percent level of the average errors of the endogenous variables. 
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Table 3 

Ex post root mean-square errors (RMSE) of forecasts (1980/91). 


Variable 

Single period forecast 

Dynamic f 

VAC 

0.0078 

0.0108 

Lr 

Ld 

w 

0.0026 

0.0067 

0.0035 

0.0125 

0.0084 

0.0165 

'^p 

WOA 

0.0301 

0.0443 

'"PA 

PC 

0.0035 

0.0092 

RC 

0.0176 

0.0852 

B 

0.0125 

0.0308 

k 

0.0001 

0.0003 

EXP 

0.0250 

0.0252 

IMP 

0.0211 

0.0275 

VAPAP 

0.0245 

0.0518 

K 

0.0 

0.0019 

DP 

0.0325 

0.0890 


We can see that the static simulation mostly shows errors lower than 1 percent, while the 
dynamic simulation shows errors a little higher; but public debt and interest show an 8 percent 
error. These results can be considered quite good. We now turn to some simulation experiment. 
Simulation (a) hypothizes a rate of growth of the P.A.real value added received by firms, as well 
as of public sector investment, 1 per cent higher per year than the actual one ( this may be a 
reasonable assumption, as the efficiency of the Italian P.A. is very low). Besides, it hypotizes that 
the real interest rate remains unchanged with respect to the actual one, i.e. the decrease in inflation 
rate causes a parallel decrease in nominal interest rate. 

Simulation (b) adds one assumption to the previous one : the yearly rate of growth of public sector 

services received by families is a 1 percent higher than the current one. 

Simulation experiments also suppose that price variations influence P.A. revenues and 
expenditure, exogenous in the model. Finally, it is assumed that the increase in the value added 
of P.A. results from labour productivity increases in this sector, achieved at zero cost. This 
assumption is not plausible. However, we will see that simulation experiments produce a 
considerable reduction in the cost sustained by P.A. for producing services. This means that some 
cost eventually requested for implementing the efficiency of P.A. could be met by the above 

reduction. 

Table 4 below shows the results of the simulation experiments, expressed in liras or units 
of labour. They refer to the final year (1991) of the sample period, thus expressing the cumulated 
effects, during 11 years, of the hypotheses formulated by simulations (a) and (b). These results will 
be compared to the actual values taken by the model variables in 1991. 
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Table 4. 1991 values, in billion of lire; units of labour in thousands, and 


WpA, are real values of w„ and Wp^ 


1 Variable 

Actual 

Tendential 

Simul. (a) 

Simul. (b) 

VAC 

753491 

751996 

855370 

885067 

Lj 

19787 

19819 

19990 

20036 


37.7 

37.5 

36.2 

31.5 

Wr 

26.4 

26.3 

29.0 

28.1 

WpA 

49.1 

47.5 

45.9 

39.8 

WpAr 

34.6 

33.3 

36.8 

35.5 

PC 

1.426 

1.425 

1.248 

1.122 

RC 

145550 

147635 

111817 

77093 

B 

1446360 

1503069 

1497353 

1348562 

EXP 

222983 

216510 

224468 

231135 

IMP 

264338 

261098 

289758 

300048 

VAPAP 

184666 

180591 

174892 

151890 

K 

4163937 

4160725 i 

4343322 

4386841 

DP 

146038 

144197 

131331 

93806 

DP/VACP 

0.14 

0.138 

0.111 

0.076 

B/VACP 

1.387 

1.4436 

1.264 

1.1 1 


As we can see, the values obtained from the neutral solution are very close to the actual 
ones; the differences between the two are mostly inferior to 1 percent, while the largest of all is 
less than 4 percent. For a better appreciation of these results, it is important to keep in mind that 
they describe the final year of the eleven years trajectory. 

Also impressing is the remarkable increase in the value added of the private sector resulting 
from simulation (a) and (b), together with the decrease in inflation rate and the strong reduction 
in public sector deficit and public debt. It is also worthwhile pointing out the substantial decrease, 
in both simulations, of the cost sustained by P.A. for producing services. The rate of growth of 
employment in the private sector appears to be very low. It seems evident that the achievement of 
a substantial increase in employment requires a reduction in the hours worked per head. 

Note that the simulations results also show some increase in the real wages (with respect 
to the tendential solution). This effect, together with the increase in public sector services received 
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by families that the simulations assume, implies a remarkable increase in social welfare, thus 

implementing the possibility to carry out income policy. 

The strong reduction in public sector deficit is largely due to the decrease in interest paid 

on public debt. This aspect deserve some exploration with reference to its linkage with foreign 

sector accounts. From table 4 above we can see that simulations imply a remarkable increase in 

the deficit of the balance of payments, in the hypothesis that exchange rate is exogenous, i.e. this 

does not vary with respect to the actual one; such a deficit renders difficult a reduction in nominal 

interest rate (hence public debt) after the reduction in innation rate, as the eqmlibnum of foreign 

accounts requires a high interest rate to attract capital from abroad. This evidentiates the role of 

the foreign account obstacle to growth, due to the high elasticity of imports with respect to private 

value added, and the domestic one due to the inefficiencies of public sector. A better clarification 

of this aspect is given by the figure below. 

Deviations of the results of simulatfon (b) from the tencjential solutfon. 

(nalutal bgat>hms). . .. 




- 0.4 . 


■VAC +PC ^DP “^IMP-EXP 


NV;o 1M1 mz mz m* rws i 9M iwr io8« ism 


For a further deepening of this question, a control problem has been formulated, which 
Ukes public sector and foreign accounts deficits as targets, and public sector services and 
investment as instruments. More precisely, it postulates, for the final penod, a public debt growt 
equal to that of real private sector value added plus inflation, and a convergence of foreign 
accounts deficit towards some reasonable value. The control variables choose the elasticity o 
public sector servic is received by firms and public sector investment with respect to the actu 
value of these variables, but for the public sector services received by families a proportion 

relation with the real 

(natural logarithms) _ _ 
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As we can see, the simultaneous achievement of the above targets implies a substantial 
deceleration in the rate of growth of the private sector value added (with respect to the neutral 
solution), accompanied by a remarkable acceleration of inflation due to the decrease in the 
dynamics of labour productivity. To avoid these inconsistencies, a reduction in the elasticity of 
imports with respect to the private sector value added appears to be necessary. 

5. CONCLUSION 

This essay shows that it is mistaken to pursue the compression of the public sector deficit 
through the reduction of public sector services and investment, as this will cause, in the medium 
run, adverse effects. It is evident that the increase in the efficiency of P.A. represents a leading 
road to stimulate growth and reduce inflation and public debt. 

A further deterioration of public sector services vital for firms obstructs the activity of 
these. Likewise, the reduction of public sector services received by families compresses social 

welfare. This sharpen the conflict for income distribution and inflation, makes difficult wage 
income, curbs accumulation and growth. 

The widespread inefficiencies of the Italian P.A. are not unavoidable. One can find public 
sector services operating satisfactorily. These cases should be accurately studied, in order to 
understand the factors on which their success depend. But this is another story. 
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Abstract 


Th*. information needs of human beings can include just about any 
subject places, things, n.ethods, ^-^al ^irements 

and so forth. It also can encompass many different ° 

ale vix. periodicals, articles, books, news papers, patents and 

firth. WhlH much of this information may be ''^odit^ost 

the area under study, more may be located via ‘^^e library. Today most 
of the larger corporations recognize that the library P 

I as K,a 4 . > vital resource. It becomes the wasted resource, if it is 
nit usL bv ^L ^rsonr for whom it is maintained. A library may 

14 camohlets, brochures, maps 6 atlases, axtei-uw 

iiiuifri^rtl Lsiness organisation 

♦-or-hnirat retxDrts etc. Today computers can be used in * 

technical re^rts etc 'cquisitton, circulation, cataloging, 

me'ratiirSiLifii; ^nd t: on.’Sow can this be done i. discussed in 

this paper. 

1,0 Introduction 

"S;,, ".Sri:?;. ..=«■«. .•« -=““1... ~ 

Lnt to take proper decisions at P«P« ^svstem” 0 *^“; dLcribed as 

is called as an -information system-. The word system can oeae 

r * -Ininod toaether for a common objective, whereas inxorraa 

IlII" “Lnsletf of^di?fthS? have Len retrieved , proceseed, or othe^ise 

uteS for the infoLative or interference purposes, arguments, or as a 

for forecasting or decision making. 


An 


information system consists of the following basic activities 


viz. 


1> Entering data into the system, romnutatione, comparisons, 

|> Processing the data (rearranging input data, computations, co p 

and processing files), 

3> Maintaining files and t*yh*t are the data needed 7 and when 7, 

^ re:i°Si:%hSy°or.I"d r"nd“S:^ «: y'^-^ d T, a. wen as prov¬ 

iding instruction routines for the processor to follow , and 
5> Preparing report output. 


2.0 A S ystem*B Study £ The Manu^ System 


I consider an example of a library of a ^ypical educational institute having 
.tout 10,000 books and 1500 -fPrincipal. 

.tudent 9 .t« s lie,«y c ^ Itbtacy tleltot., each nan 
fe^^hiig sfa^rLs^™; ^wo library tickets, ":ierrar tJ^ 
ii"frLn1:t"b:;ks/^nodt:ns ^tc.^he library charges 50 paise,currency, 



238 


per day for booka not returned within 15 days by the student membera. The 
staff membera can retain the books for the entire aemeater/year since they 
require it for the reference purposes, whereas the non-books viz. magazines 
have to be returned by them within 15 days. But normally no fine is levied 
on them. The fine is calculated and the students are asked to pay the fine 
in the account's department and produce the receipt. Files are maintained 
for the fines' receipts, special peirmissions from the Principal, publisher 
letters,member complaints fit suggestions etc.and registers are maintained for 
the issues/receives, department wise books etc.. The transactions are writ¬ 
ten date wise in these registers for the student members. For the teaching 
staff members a separate register is maintained in which the transactions 
are entered member wise, separately, on the different pages maintained 
against their names.Whenever a book is issued to a member, one of his li¬ 
brary tickets is taken by the library. At the clearance time a member has to 
produce all his library tickets. The library purchases minimum two books of 
a type. One copy, out of these two, is put in the reference section. This 
copy cannot be issued,normally, to a member. But with a special permission, 
under exceptional circumstances, from the Principal this copy can also be 
issued. The library also has a "Book Bank" scheme. Under this scheme, the 
first 10 students of a class are provided one full set of the books for the 
entire session. These books have to be returned at the end of the session. 
These books cannot, also, be issued to a normal member. But the Principal 
can give a special permission. The Principal can also give a special permis¬ 
sion to waive off a fine to a particular student. 

The library has a facility to reserve the books, give suggestions for 
purchasing the new books. The catalogs are asked and the orders are placed. 
The library maintains the data about the non-book literature viz. periodi¬ 
cals, pamphlets, brochures, maps, atlases, directories, annual reports, 
technical reports etc. The news papers and recreation magazines are pre¬ 
served for a period of about six months and then disposed off(sell out as 
rough). All the technical manuals, periodicals are preserved separately for 
one year, and after that bound in a single volume. The library maintains 
author wise and title wise index of the books. The library does not have a 
facility of overdues monitoring except at the end of the semester or the 
book is very much in demand. The library does not send letters to members. 

Whenever a new book is received by the library, it is entered in the general 
register and in the classified(department wise) register. If the book is 
lost, it's cost is recovered from the member responsible for losing it along 
with the penalty. A physical inventory is made once in a year and the cost 
of the missing books is recovered from the employees concerned. 

The index card of each book contains the fields viz. Accession number, clas¬ 
sification code (showing the area of the book and the shelf in which the book 
is stored), title of the book, names of the authors, price of the book, pub¬ 
lisher of the book. 

Each student member is given an identity card containing... 

- His/her photograph, 

- Membership no., 

- Full naune, 

- Department, 

- Address, 

- Specimen signature, 

- Principal's signature. 

The photograph and the signature are for the manual check. 

Each student member has to pay a refundable library deposit of say rupees 
200(currency) and the library fee of rupees 50 per year. The library ticket 
i.e. the B.T.(Borrower's Ticket) contains the fields viz. 

-B.T. no., Year, Name, Department, Borrower's sign. Librarian's sign. 



239 


Bach book in the library contains a card containing the following informa- 
tion,.. 

-classification no., Accession no., Title, Author, ® 

Borrovei'“ signature, bite of issue. Date of return. Receiver's initials. 

The library ticket(B.T.) contains a plastic jacket into which 

a Inserted and the library ticket will be preserved by the li- 

card revived back by the library. There is a separate 

brary till receive counter in the library. The library has 

i-'^h^riro^te Pass'^?or:u the books issued by the library and the per¬ 
sonal books cannot be taken inside the library. 

3^ The system-s Analysis j A ProEgged new 

3.1 Heed for ComputerIxetion 

This is because of some of the inadequacies of the present manual system 
vir. 

1 > The existing system is slow in ^ 

e.g.f it takes long time to anewer the guer 

a> To whom a particular book is .. librarv or not, if yes can 

b> Whether so and so book is available in the library or nor, y 

it be issued ? , , 

c> What are the books issued to a particular member 

2> The existing system cannot handle the “^9- “heaij’^work 

- much Of crowding -^^^e issue / receive counter. Due to^^thi^^^^ 

load, it is frequently necessary ro receivis 

3> The existing system has P«S^®“®^f 1 "?^th^ itbrary?" ftnd 

not available, so students have t p y Taaued In this process some 

out the books of their interest and get them issued. In this proce 

books get stolen, and the staff has to pay hundreds of rupees 
loss. 

3.2 Expectations from the Computer 

t> Queries about Books / Journa ls /Periodicals e^ 

- IS a specific book/ journal/periodical evailable in the library 7 

- If yes, can it be issued ' i®book o^Is the book reserved 7 

- IS it a '®f®""'=® ‘>°°^,°ticularbook «e available in the library 7 

- How many copies of a P^^icular boo .callable in the library 7 

- ^l^^eriodicals in some area / department with cost. 

- List of all the*book(lMued/'^Ivallable / 

- Given an -«®”i°" then i- It issued 7,. 

- Shethe^' ^«(icular book is overdue or how many book, are overdue as 
of a particular date ? etc. 

B> Queries about members 

- Given a particular member number how many and what are the books / 

non-books issued to him/her, and when 7 . returned all the books. 

- List of all members, department wise, who have "burned all 

_ n«t of all members, department wise, who have booxs/non dwu,io 

: list o^ ‘11 ISr.: department wise, who have overdue books etc. 
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C> O perations 

- Add a new book/non-book to the library. 

- Add a new member to the library. 

- Delete or update a book/non-book. 

- Delete or update a member. 

- iBBue/receive a book/non-book. 

- If a book is overdue from a member then send a letter to him/her. 

- Allow the member to reserve a book and give ouggeetione etc.. 

3.3 Proposal of a Computer 

At this Btage we have become familiar with the library data, it's require¬ 
ments, and the existing manual procedures. Our next task is to do the 
cost/benefit analysis for using the computer. If the benefits can be quanti¬ 
fied, the comparisons would become easy. Unfortunately, it is difficult to 
measure (in terms of money) the improvements in the library services due to 
the introduction of the computer. The benefits may be mostly intangible i.e. 
in terms of the members" satisfaction, less trouble to the library staff, 
and better maintenance. Sometimes the computerization may become a prestige 
point of view and the library may be computerized. 

For the above system of 10,000 books,1500 members and the above expectations 
the following Hardware and Software will be required... 

- Computer machine PC AT 386 type. 

- RAM 4 MB. 

- Winchester disk (80 MB). 

- Cartridge tape drive(60 MB). 

- Floppy disk drive(3.5"). 

- O. S. (multiuser, multitasking). 

- Console + one terminal connected with the machine. 

- Printer 132 Col, 300 CPS, DMP. 

- Data base systems s/w viz. dBase III plus/ Fox Base/ UNIFY or a 
compiler viz COBOL and a word processing package viz. Word Star. 

- Stabilizer, air conditioners, U. P. S. etc. 

- 10X10 room with glass walls,two windows, two tables and two chairs etc. 

This proposal will take care of the future demand of about five years. The 

day to day basis operating tasks can be handled by two operators and for the 

programming a computer consultant can be contacted who will develop the 
system and charge a one time cost or a computer programmer cum systems 
analyst can be employed. In general a single terminal may satisfy the need, 
but at times two terminals may be reg[uired. The introduction of the two 
operators will take care of their personal leaves of all the types. It is 
assumed that on any fine morning at least one of the two operators will be 
available for service. The existing library staff can also be trained for 
the operations and programming Instead of employing new staff. 

3.4 Model of the Computerized System 
3.41 Initial Preparations 

^ The scheme of library tickets will not be dislodged in the computerized 
system because in case there is any problem with the computer system viz. 
hardware failure or the power failure, we should be able to continue the 

services of the library with the library tickets.Each student of the 

college will be given exactly 2 B. T.s, each teacher will be given 
exactly 10 B. T.s, each meritorious student will be given exactly 8 
B.T.s,each non teaching staff member will be given exactly 5 B.T.s, each 
H.O.D. will be given exactly 12 B.T.s, and the Principal will be given 
exactly 15 B. T.s. 
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7> For the convenience of the membere a latest list of the books available 
“ I^the libraTcL be made available in front of the window. The entire 
Hat of the books can be printed, department wise, every 
“:dy fL ^he «:!^errreference/w; .na^ uae a box file 

file each new list of the books added to the library can 
bf ii^^ted d^parti^nr^^ee! It is eugge.ted that every new ^oolc received 

Z th: Ubr«^/''f"oi" ".bcSra^"w:e; Latere will know the new 

entries of the books in the library. 

3> A bunch of ieeue elipe containing ^^e foliwing informatlon^wi 11 be made 
available (cyclostyled) to the members in front of 


a> Member number : 

b> Member name s 

c> Accession number of the book i 
d> Title of the book ; 
e> Signature of the member : 

On the reverse of this issue slip we will have the entries 
Received the book, 


Signature of the member. 

A bunch of suggestion forms, containing inflation the 

rh:f:rt^“t;sre^ifp:,Tiu riirb:^iss; ‘=:fa“ii^i;i,S“ciostyied, to the 

members at the counter. 

3,42 Main Front Office Jobe 

1> A member who wants to have a transaction with the Ubtary, “tand in 

— a queue in front of the window where a computer termina p 

a member wants to get a jf » L^er wants to give 

Tht ^Lrt^o^'thriirrLylTe “wm -h at the counter 

along with a fine receipt or a special permission, if a y. 

^ ,o,u... .u,. 

"“k S book' 0.0 b. l..o.a, ot«..-l.. “• “IHrSl” 

ana cnecK wneunct wi* ia m »-oHervation for the book, the tran- 

will be rejected. In case thece is « «ser or the "book 

saction the library but the member does not have 

bank- book and is available in the library ouc request and 

n nrjAcial oermission then the operator will «—•*.#>»«. t*,^ 1 1 

ask the mem^r to bring a special permission. Otherwise the opera 

process the transaction. If the book is ^f^^e reference 

-book bank- book but bhe p.rtxcul.r^book^i.^issued^then^^^^^^p^^^^ 

enquire on bhe title of t^en the operator will ask the member to 

same title is available, if y®* c i-sue slip from him. In case 

modify the issue ®liP will bhe issue^ slip will 

of any of the books on that title 1 ^ agjt the member to 

tell the member that ove^ In case the original 

reserve the book and this traneacti i-he issue slip from 

book itself «=«" be issued then bje operator will take^thej»sue^slip^_ 

the member, write the shelf no.of * . slip,give a token to 

the book's entry in the computer's ^ i^^^the member to 

the member after writing the token no. on the slip,and ask tne mem 
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stand in another queue or come later.The operator will then hand over the 
issue slip to the library attendant to search and get the book from the 
shelf. Till the time the book is traced , the operator will consider the 
requests of the other members.After the book is received,it will be first 
given to the operator, the operator will make an entry into the computer. 
This entry will be done by the program into the Books file, the Members 
file, the Transactions file, and the Control file. Then the book will be 
given to the member after getting his signature on the reverse of the 
issue slip and after taking one of his B.T.'e and this transaction will 
be over.The issue slip and the B.T. will be preserved by the library,till 
the book is received back by the library. There is no provision for the 
Gate Pass. 

3> If the member wants to give a book back to the library, the operator will 
check whether the book is being returned within time or not (within 15 
days), from the fine-amount of the book from the computer's file. If the 
book is not being received within time, for the student member, the 
operator will ask the student to bring the receipt of the appropriate 
amount from the account's section and will accept the book only after the 
receipt or a special permission from the Principal. If the student brings 
the book well in time(fine-amount * 0) or along with the fine receipt or 
a special permission(in case of fine-amount not equal to zero) then the 
book will be taken by the operator and the program will make the appropr¬ 
iate entries in the Members file, the Books file, the Transactions 
file, and the Control file. The entries will be made by the Transaction 
Entry program and the transaction will be over, 

3.43 Main Back Office Jobs 

a> Day Book Printing ; This will list all the transactions of the date. 
b> Overdues Printing ; This will find all the overdue books,write letters, 
and execute the Fine Calculations program. 
c> Control Report Printing : This will print counters for all the 13 types 
of transactions. The reports in a> and c> have to be manually checked by 
the operators. 

d> Taking back-up : Take the back-up of the Members file. Books file, the 
Transactions file, and the Control file etc. 

4.0 The System's Design £ Fils Design & Program Specifications 

4.1 File Design 

The file design phase is a very important phase in the design of a computer¬ 
ized application. It controls not only the type of the processing(on line or 
batch or real-time), but also the overall efficiency and ease of writing 
programs. I discuss here the file design in the COBOL environment. For our 
application we need the following seven files... 

4.11 Members file 

In our application we have 6 types of members, students (getting 2 books), 
teachers(getting 10 books), H. O. D.s(getting 12 books), non teaching staff 
members(getting 5 books), meritorious student(getting 8 books), and the 
Principal(getting 15 books). Let us codify these as S - student, M - Merito¬ 
rious student, T - teacher, H - H. O. D., N - non teaching staff member, and 
P - Principal. Now our file will be a variable record length type of file 
having six different types of records in the same file. These six different 
records of the file can be defined at six different 01 levels in the FD 
clause. A typical 01 entry - let us say for the student will be consisting 
of the following fields... 
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01 > 

02> 

03> 

04> 


05> 

06> 

07> 

08> 

09> 

10 > 

11 > 

12 > 


MEMBER-NO 
MEMBER-TYPE 
MEMBER-NAME 
MEMBER-DEPT PIC X. 

(P-PHYSICS, C-CHEMISTRY, M-MATHS, 
M-MECHANICAL, S-SPORTS, L-LIBRARY 
MEMBER-ADDRESS PIC X(80). 

NO-OF-BOOKS-GOT-ISSUED PIC 9(2). 

. M A 4 


PIC 9(4). (PRIMARY KEY) 
PIC X. (S/M/T/H/N/P) 
PIC X(30). 


U-ELECTRONICS, R-COMPUTER, I-CIVIL, 

, T-TRAINING fi PLACEMENT,O-OFFICE etc.) 


FINE-ALREADY-PAID 
FINE-TO-BE-PAID 
ISSUED-BOOK-ACNO-1 
DATE-1 

ISSUED-BOOK-ACNO-2 

DATE-2 


PIC 9(4)V99. 

PIC 9(4)V99. 

PIC 9(5). 

PICX(6). (YYDDMM) 
PIC 9(5). 

PICX(6). (YYMMDD) 


These fields will be 16 for M, 
20 for T,24 for H, 10 for N, 6 
30 for P.Thus the file will be 
of a variable record length. 


The organliation of the file will be indexed and the acceesing mode will be 
dynamic. The fields 2, 3, and 4 will be the oecondary keys. 


4.12 Boo)te file 


Non-books 


In the library we have two types of books vir. 1. Books and 2. u i 

e.g. periodicals, journals, magazines, maps, atlases, 

re^tts, pamphlets, brochures etc. The teachers can get both ^he books and 
the non-books issued, whereas the students can get only the b 

Let us codify these items as... otvmvh nrv^v 

B - NORMAL BOOK, N - NON-BOOK, R - REFERENCE BOOK , O - "BOOK B^K BOOK. 

Some of the books can be the reference books and the "book bank" books. But 
the majority of the books will be the normal books which could be iasued to 
any member, if available. This file will have two 01 levels (one for ^ 

O type of the book, and the other for the N type of the book). The file 
organization will be indexed and the accessing mode will be dynamic. The 
book 01 level will have the following fields..- 
01> ACCESSION-NO PIC 9(5). (PRIMARY KEY) 

III CUSSIFICATIOH PIC X( 10)!^"cohtaihiho I^’chmIcteL"'’'’ 

04> TITLE-OF-THE-BOOK pic X(80). (IF REQUIRED CURTAIL TO 80 CHARACTERS 


PIC X(80). 

PIC X(30). 

PIC X(30). 

PIC X(30)- 
PIC X(30). 

PIC X(80). 

PIC 9(5)V99. (IN A SINGLE TYPE OF CURRENCY ONLY) 

PIC 99. 

PIC 99. 


05> AUTHOR-NAME-1 
06> AUTHOR-NAME-2 
07> AUTHOR-NAME-3 
08> PUBLISHER-NAME 
09> PUBLISHER-ADDRESS 
10> COST-OF-THE-BOOK 
11> VOLUME-NO 
12> EDITION 
13> YEAR-OF-PUBLICATION PIC X(4). 

14> DATE-OF-PURCHASE PIC X(6). (YYMMDD) 

15> DEPT-CODE PIC X. (AS IN THE MEMBERS FILE) 

16> BOOK-LANGUAGE PIC X(10). 

17> STATUS-OF-THE-BOOK PIC 9. _ 

(O-BOOK IS AVAILABLE,1-BOOK IS ISSUED,2-BOOK IS LOST) 

18> ISSUED-TO-MEMBER-NO PIC 9(4). 

19> ISSUED-ON-DATE PIC X(6). (YYMMDD) 

20> DATE-OF-RECEIVING PIC X(6). (YYMMDD) 

21> FINE-AMOUNT PIC 9(5). 

22> FINE-PAID PIC X. (Y/N) 

23> OVERDUE-LETTER-SENT PIC X. 

24> SPECIAL-PERMISSION PIC X. (Y/N) 

25> RESERVED-BY-MEM-1 PIC 9(4). 

26> DATE-1 PIC X(6). (YYMMDD) 

27> RESERVED-BY-MEM-2 PIC 9(4). 

28> DATE-2 PIC X(6). (YYMMDD) 

29> REMARKS PICX(15). 
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The fields 2, 4, 5, 6, 1, 8, 15, 16, 17 will all be the secondary keys. The 
non-book 01 level will not have the above 5,6,7,12, and 13 fields, whereas 
the following two fields will be added... DATE-OF-POBLICATIOM PIC X(6) 
(TYMMDD), MONTH-OF-PUBLICATION PIC XXX(JAN/FEB/.../DEC). 


4.13 Purchase file 

The library members can suggest some useful books/non-books for the library. 
Their suggestions will be received as and when they come and will be stored 
into this computer file. The suggestions will be accumulated for about 15 
days or one month and after this period a printout of this file will be 
taken and the file will be purged(file will exist but the inside data will 
be removed) or deleted, and manually a decision will be taken as to which 
suggestions are useful. The Purchase file can have the following fields... 


01> TYPE-OF-THE-BOOK 
02> TITLE-OF-THE-BOOK 
03> AUTHOR-NAMES 
04> PUBLISHER-NAME 
05> PUBLISHER-ADDRESS 
06> COST 
07> VOLUME-NO 
08> EDITION 

09> YEAR-OF-PUBLICATION 
10> DATE-OF-PUBLICATION 
11> MONTH-OF-PUBLICATION 
12> NO-OF-COPIES 
13> BOOK-LANGUAGE 
14> SUGGESTED-BY-KEM-NO 
15> SUGGESTED-BY-MEM-NAME 


X, (B - BOOK, N - NON-BOOK) 
X(80). 

X(90). 

X(30). 

X(75). 

9(5)V99. 

99. 

99. 

X(4). (YYYY) 

X(6). (YYMNDD) 

XXX. (JAN/FEB/.../DEC) 

99. 

X(10). 

9(4). 

X(30). 


PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 

PIC 


The purchase orders will be sent using the word processor or the package can 
also include it. 


4.14 Transactions file 

The structure of this file will depend upon the type of the transaction we 
will be having viz. 


01> IB 
02> RB 
03> AB 
04> DB 
05> UB 
06> AM 
07> DM 
08> UM 
09> RT 
10> SP 
11> FP 
12> TD 
13> PD 


Issue of a book/non-book. 

Receiving a book/non-book. 

Addition of a book/non-book. 

Deletion of a book/non-book(STATUS-OF-THE-BOOK * 2(LOST)), 
Updation of a book/non-book. 

Addition of a member. 

Deletion of a member, 

Updation of a member. 

Reservation of a book/non-book. 

Suggestion to purchase a book/non-book. 

Fine payment. 

Transaction deletion. 

Physical deletion of a book(after physical inventory). 


This file will be of a sequential organization. The record length and 
fields for each transaction will be as follows... 

IB — l>Transaction date. 

2>Transaction type(IB). 

3>Acce88ion number. 

4>Member number. 

RB — l>Transaction date. 

2>Tran8action type(RB). 

3>Acce88ion number. 

4>Member number. 
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AB — l>Tran8action data. 

2>Traneaction type{AB). ^ , , 4 ., 

3>DAt:& entiry of th© first 16 fiolds of th© Books fil© and initial!** 
zation for the rest of the fields or a similar corresponding data 
entry of non-book addition. In the Books file 29 fields will be 
written, whereas in the Transactions file only the first 16 fields 
will be written. 

DB — l>Tran8action date. 

2>Tran8action type(DB). 

3>AcceaBion number. 

4>Hember number. 

UB — l>Tran8action date. 

2>Tran8action type(UB). 

3>First 16 fields of book/corresponding fields of non-book. 

AM — l>Tran8action date. 

2>Transaction type(AM). 

3>Data entry of the first 5 fields for S/T/H/N/M/P with initialization 
for the rest of the fields of the Members file for S/T/H/N/M/P. 
In the Members file all the fields will be written, whereas in the 
Transactions file only the first 5 fields will be written. 

DM — l>Transaction date. 

2>Transaction type(DM). 

3>Member number. 

UM — l>TranBaction date. 

2>TranBaction type(UM). 

3>FieldB 1 to 5 of the Members file. 

RT — l>TranBaction date. 

2>Transaction type(RT). 

3>Accession number. 

4>Member number. 

SP — l>Tran8action date. 

2>Tran8action type(SP). 

3>Dat:a entry of all th© 15 fi©ldB of th© Purchase fil©* 

FP — l>TranBaction date. 

2>Transaction type(rP). 

3>Member number. 

4>AcceB8ion number. 

5>Amount of fine. 

6>Date-of-payinent. 

TD — l>Transaction date. 

2>TranBaction type(TD). 

3>Acce8sion number. 

4>Member number. 

5X)ld transaction type. 

PD — l>TranBaction date. 

2>Tran8action type(PD). 

3>Acce8eion number- 


4.15 Trans-started file 

In our main scheme of programs, we will be writing the 
types of programs viz. 


following 2 main 


1> Data Entry Pr ograms i These programs will be ,, 

tial data will be huge and validation / updation of initial data will 


ini- 

be 


very much required, and 


2> Processing Prog rams : Using these programs we will be able to process the 
transactions as well as get the various reports and queries. 


But once the processing starts we should not be allowed to use the Data 
Entry programs. To achieve this we create externally one file having jus 
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one field(through EDLIN / vi/ WS) showing “Y" indicating that the processing 
has started. This has to be done by the systems analyst/programmer and this 
should not be made known to the operators. The 01 level of this file will 
contain only one field as follows... 

01 TRANS-STARTED PIC X. 

The organization of this file will be line sequential. 

4.16 Last-day file 

In this scheme, once we begin a day say for 01/07/93, we can post transac¬ 
tions till this date is open e.g. we can even poet the transactions on 
03/07/93 if 02/07/93 was a Sunday and there was some problem in the machine 
and we could not post the transactions on 01/07/93, but we accumulated the 
transactions. Also there may be the case that library starts at 10:15 a.m., 

they do the begin day, post some transactions, library may have lunch break, 
for this they stop the machine, come after lunch, restart the machine and 
want to post transactions. This can very well be taken care of because the 
Transaction Entry program will check whether the begin day for that date 
was done, and the close day is not done. 

But once a person wants to begin a day without closing the previous day to 
play some tricks, we must be able to prevent this i.e. we must not allow a 
person to begin a new day unless the previous day is closed. For this we 
require one file which will contain only one field - date, which will be 
updated once a Close Day program for a particular date is run. The record 
in this file will be 

01 PREVIOUS-DATE PICX(6). (YYMMDD). 

The organization of this file will be sequential. 

4.17 Control file 

Our scheme of programs will be... 

1> Begin day for a particular date, 

2> Post all the transactions, 

3> Enquire/print the status reports as and when required, and 
4> At the end of the day we must perform the following five operations... 
a> Day Book printing ; This will list all the transactions of the date. 
b> Overdues printing ; This will find all the overdue books,write letters 
and execute the Fine Calculations program. 
c> Control report printing : This will print counters for all the types 
of transactions. The reports in a> and c> have to be manually checked 
by the operators. 

d> Take the back-up of all the seven files. 
e> Close the day. 

If the functions a>, b>, c>, d>, and e> are not performed then the system 
will not allow to start a new day. 

To achieve this we need a Control file which should be an indexed file with 
date as the primary key. The fields of this file will be..• 

01> DATE PIC X(6). (YYMMDD)(Begin day date) 

02> FINE-CALCULATIONS-DONE PIC X. 

03> DAY- BOOK-PRINTED PIC X. 

04> OVERDUES-REPORT-PRINTED PIC X, 

05> END-OF-DAY-REPORT-PRINTED PIC X. 

06> BACK-UP-TAKEN PIC X. 

07> CLOSE-DAY-DONE PIC X. 

08> 13 COUNTERS EACH OF PIC 99 FOR ALL THE DIFFERENT TYPES OF TRANSACTIONS. 
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4.2 Program SpecifIcatlone 

4.21 Program 1 s Paeaword program 

TO prevent the unauthorized uee of the eyeteo we introduce a "y®* 

A pereon knowing the paeaword will only be able to the »y®te». 

Instead ^ giving a fixed password, I suggest a password which will be 

changing depending upon the logic. 


Logic ! Get the ay stem date and time from the terminal, move them to 
fllns in the working-storage section, display the fields fro™ the ««tlng- 
storage section on the screen. Suppose the date is ^3 

hhiwrss, then the 8ystem(our computer program) will calculate the pass 
mm(of date) + mni(of time) + 19. A person wanting to access the system 

should also calculate the password as the above scheme ^ ^ 

word. in case both the passwords match then the system “hain to the 

First Menu program, else it will give three chances to “ter the correct 
password. If the user could not give the correct in the three 

chances, then the system will give the message -You are not a authorized 
user.a.s'top th© machine" and the system will halt. 


The advantage of this scheme is that the password ^*'^22hiL*'^If^''the 

minute and a person who knows the logic can only access the machine. If the 

logic becomes known to some unauthorised person, then the program shou 

modified and another logic should be implemented. 


Program 2 : First Menu 

once the valid password is given the system will display the first menu 
containing the five options vis. 

1. Data Entry 

2. Transaction Processing 

3. Enquiry 

4. Report Printing 

5. Exit 


4.22 Data Entry Module £ 2 sub Module 
Program 3L : Members' Data Entry 

Write a program for data entry (AA - Add After, IN - Enquire, UP - 

"r - Dele^! LI - List on printer, EX - Exit) for the Members file. Fields 

uD to field no. 5 should be used for data entry(AA and 
tLlTs ^houid be present in the file with Initial value, which will 

updated in the transaction processing. ISould not 

to check the duplication of a member no. and the primary k y 

allowed to be updated. 


get 

"AA" 

be 


Options for "IN" and "LI' 


a> On a member number, 

b> On a member name(partial name should be allowed), 
c> Department wise and for a particular department, 

^ Members' type wise and for a particular member type, 
d> From the starting member no. to the ending member numbe 

For "IN" and "LI" all the fields should be used. 
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Program 2 : Book/Non-book Data Entry 

Write a*"program for data entry (AA - Add After, IN - Enquire, UP ~ Update, 
DL - Delete, LI - List on printer, EX - Exit) for Books file. Fields up to 
field no. 16 should be used for data entry(AA and UP). All the other fields 
should be present in the file with the initial values which will get updated 
in the transaction processing. Care should be taken in "AA” to check the 

duplication of a member no. and the primary key should not be allowed to be 
updated. 

Options for "IN" and "LI" 


a> On an accession number, 

^ On a tltle(partial title should be allowed), 
c> Classification code wise, 

§> Department wise and for a particular department, 

^ Author wise and for a particular author(partial name should be allowed), 
f> Publisher wise and for a particular publisher, 

2 > From a starting accession number to an ending accession number. 
Title/author starting with a given alphabet or alphabetically. 

For ”iN" and "LI" all the fields should be used. 

The "EX" option of both the above programs should chain to the First Menu 
progr^. Once the data entry is over, the entire list of books and members 
should be taken, checked for it's correctness, corrected if necessary, and 
the entire list of the corrected books and members should be taken. These 
two lists should be preserved as this will be the starting position of the 
computerized system. If necessary, the physical inventory of the books 
should be done, and should be checked with the corrected list of the books. 

Once the processing starts the computer will take care of the logical inven¬ 
tory. 


4*23 Transaction Processing Module ; ^ sub Modules 
The following is the list of the modules... 


01> Begin Day, 

03> Printing Suggestions, 
05> Overdues Printing, 

07> End-of-day Report, 

09> Enc[uire a Transaction, 
11> Reserved Books Receive 


02> Transactions Entry, 
04> Day Book Printing, 
06> Fine Calculations, 
08> Close Day, 

10> Back-up program. 


Program 1 ; Begin Day 

This program will ask the member to enter a date for which he wishes to post 
transactions. The program will search this date in the Control file. In case 
an entry is found, it will give an error message "Begin day is already 
done",and the program will exit. In case an entry is not found in the Con- 
trol file, the program will compare this date with the date in the Last-day 
file. In case the date in the Last-day file is smaller, it will proceed 
further, otherwise it will give the error message... "The begin day date has 
to be greater than the previous date processed" and the program will exit. 
Suppose the date in the Last-day file is smaller then the program will look 
into the Control file for this last date and check whether the close day 
function is done for this date or not. If not it will give the error message 
"Close day for previous date is not done...do it first" and the program 
will not allow to do a begin day. In case the close day is done for the 
previous date, the "Begin day" will be successful and an entry in the Con¬ 
trol file will be made for this date. 
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Program 2 : Traneactiona Entry 

This program will aek the member to enter a date of entering transactions. 
This date will be searched in the Control file. In case an entry is not 
found, an error message "Begin day is not done...do it first or enter anoth¬ 
er date" will be displayed. In case an entry is found, the program will 
allow us to have the following 14 options. Before we start processing any 
transaction the Control file record for the date will be read. 

IB s will check whether the book is available in the Books file and can be 
Issued, check whether the member has got library tickets available i.e, NO- 
OF-BOOKS-GOT-ISSDED <2 for S, 8 for M, 10 for T, 12 for H, 15 for P, and 5 
for N. In case both the conditions are satisfied update the status of the 
book to 1 and corresponding fields of the Books file. Also add 1 to NO-OF- 
BCX)KS-GOT-ISSUED and update the corresponding fields of the Members file- 
Add 1 to the IB counter in the Control file. Also write the transaction in 
the Transactions file in the "IB" format. The reservation made, if any, will 
be canceled. If more than one reservatrons were there then the latest reser¬ 
vation will be retained, and the other will be deleted. 

RB ; will check whether the book is getting received in time or not by 
decking the field FINE-AMOUNT in the Books file. In case the member has to 
pay the fine, the operator will ask him to do so and tell the fine amount 
and exit from this program. In case the fine is not to be paid or the member 
has paid the fine or the member has got a special permission, subtract 1 
from NO-OF-BOOKS-GOT-ISSUED and update the relevant fields of the Members 
file. Change the status of the book to 0 and update the relevant fields of 
the Books file. Write the transaction in the Transactions file in the "RB" 
format. Add 1 to the RB counter in the Control file. 

AB ; will get the details of the book from the terminal for the fields 1 to 
16 and write them in the Books file with the initialization of the rest of 
the fields of the Books file, so also write the transaction in the Transac¬ 
tions file in the "AB" format. Add 1 to the AB counter in the Control file. 
DB : will check the Books file, whether for this book the FINE-AMOUNT is 
zero or not. In case the FINE-AMOUNT is not zero, the operator will ask the 
concerned member to pay the fine. In case the FINE-AMOUNT * 0, delete the 
book from the Books file (change the STATUS-OF-THE-BOOK to 2 and initialize 
the relevant fields of the Books file). Subtract 1 from NO-OF-BOOKS-GOT- 
ISSUED and update the relevant fields of the Members file, add the transac¬ 
tion in the Transactions file in the "DB" format. Add 1 to the DB counter 
in the Control file. 

UB ; will call the accession no. and write the existing fields from field 
no. 1 to 16 in the Transactions file in the "UB" foxrmat. Get the new infor¬ 
mation for the field nos. 2 to 16, and update the Books file. Add the trans¬ 
action (updated fields 1 to 16) in the Transactions file in the "UB" format. 
Add 1 to the UB counter in the Control file. 

AM ! will get the details of the member from the terminal for the fields 1 
to 5 of the Members file and write them in the Members file with the ini¬ 
tialization for the rest of the fields of the Members file, so also write 
the transaction in the Transactions file in the "AM" format. Add 1 to the 
AM counter in the Control file. 

DM : will check the Members file for NO-OF-BOOKS—GOT-ISSUED « 0. If this is 
not » 0 then the member will be asked to return the book/books, pay the fine 
amount if reguired, otherwise the member will be deleted from the Members 
file. Add the transaction in the Transactions file in the "DM" format. Add 
1 to the DM counter in the Control file. 

UM : will call the member number and write the existing fields from the 
field no. 1 to the field no. 5 in the Transaction file in the "UM" format. 
Get the new information for the fields 2 to 5, update the Members file, add 
transaction in the Transactions file(updated fields 1 to 5) in the UM for¬ 
mat. Add 1 to the "UM" counter in the Control file. 
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RT : will get the acceBsion no.and the member number.In case the STATUS-OF- 
THE-BOOK - 1/ put member no. in the reservation field, and update the Books 
file. Write the transaction in the Transactions file in "RT" format. There 
is a provision of reservation, for only 2 members. Add 1 to the RT counter 
in the Control file. 

FP : will call the member no., check whether the amount of fine in the 
account's slip * FINE-TO-BE-PAID, if yes add FINE-TO-BE-PAID to 
FINE-ALREADY-PAID, initialize FINE-TO-BE-PAID to zero. Before this store the 
transaction in the Transactions file in the "FP" format, update the related 
fields of the accession no.'s record for which the fine was paid(set FINE- 
PAID « "Y") . Add 1 to the FP counter in the Control file. 

SP : will do the data entry for all the 15 fields of the Purchase file, 
store it in the Purchase file. Add the transaction in the Transactions file. 
Add 1 to the SP counter in the Control file. 

TO : will get the transaction date, accession no., old transaction type. 
Read the Transactions file for the above information. Write the entire 
transaction in the Transactions file in the "TD" form. Undo the effect of 
the old transaction and delete the transaction from the Transactions file. 
Add 1 to the TD counter in the Control file. 

PD : will get the accession no. to be physically deleted. Check the STATUS- 
OF-BOOK = 2 and FINE-PAID = "Y", if yes delete the book from the Books file. 
Write the transaction in the Transactions file in the "PD" form. Add 1 to 
the PD counter in the Control file. 

EX ; will exit from this program and will chain to the First Menu program. 
Program 3 : Printing Suggestions 

This program will be used once in 15 days, in which all the fields of the 
Purchase file will be printed and the decision on this will be taken manu¬ 
ally. The file will be purged after the printing or will be deleted. 

Program 4 : Day Book Printing 

This program will print all the transactions of a particular date on the 
printer in a suitable format and Control file flag will be set. All the 
transactions of the date should be checked manually with this report. 

Program 5 : Overdues Printing 

Here the Books file will be searched and all the student members for whom 
books are overdue, a reminder will be sent and a flag OVERDUE-LETTER-SENT 
will be set and Control file flag will be set. The letter will be sent only 
once. 

Program ^ : Fine Calculations 

This program will calculate fines for all overdue books and update Members 
file and the Books file appropriately and will set a Control file flag. All 
the "book bank" books will be left from calculations. 

Program 2 s End-of-day Report 

This program will print all the counters from the Control file for a partic¬ 
ular date. This report has to be manually verified with all the transactions 
of the date. A Control file flag will be set. 

Program 8 : Close Day 

This program will ask for a date. Search the Last-day file for this date. In 
case the date is already closed, it will give an error message. If not it 
will check for 1> whether the Fine Calculations is done, 2> Day Book is 
printed, 3>Overdues report is printed, 4> End-of-day report is printed, 5> 
Backup is taken. 

In case all the above are true it will allow us to close the file by writing 
this date into the Last-day file and setting the CLOSE-DAY-DONE flag in the 
Control file. 

Program 9 : Enquire a Transaction 

This program will ask the transaction date, transaction type, accession no., 
member no. and display the transaction on the terminal. 

Program 10 : Back-up program 

Here all the seven files will be copied on tapes/floppies. A son, father, 
grand father concept will be followed and Control file flag will be set. The 
back-up has to be taken daily. 
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Program 11 * Reaerved Books Received t 4 . ..<11 r-oaH t-hf* Books 

This program will be executed once in three nv^and the book is 

file, chLk whether there is a reservation of the book and ^ 

- if ves orint all such books in a suitable format. This 

wlll^ be 'put on’^the^notice board for the convenience of the 

reMrt is reouired becauee once a member takee a certain book, he can keep 

ITtor 15 day2! Lt he can return it on any day within 15 days if there 

is *a reservation for the book, the concerned member should be intima e y 

means of a notice. 

All the programs 1 to 11 will chain to the First Menu program. 


4.24 Enquiry module i Enguii^ 

.■ . . 1' • ' — m - « I* . 9 % ^ i 


•*•■*■•* ^ rr *', ,. ♦•wav nf "TN" and "LI" routines of the Data 

The options available will bo as that of I difference is that in 

Pnfr-v rroarams for Books and Members files. The only difference is rnai; xi 

batr^ntrrprograme only reetricted field, were used. Here all the 

fields will be used. This module will chain to the First Menu program. 


4.25 Report Printing Module £ 4 sub Modules 


Here we will ® member^type. In all the cases the program will 

members or for a particular me^er type, u crlnterlas desired) 

read the Members file and print on the terainal format 

the entire contents of the record/records in a suitable format. 

Program 2 ! Generation of Osage Statietics of IgSiSS titl“ “o 

lHll-??oiram-Sirr5^ch-aTrthe issues made till date, them txtle wxse 

and give a report of which book has got issued how many times. 

lElF 5 rig;al^^sil^Books file department 

wise and print department wise catalogs with proper e g 

fhlf^rograJr^JilTbe run once, at the end ^he year, to get the 
the books in the computer to be checked by physica Y 

All the above four programs will chain to the First Menu program. 
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ABSTRACT 

This paper provides an overview of the Japanese software industry, outlining 
typical approaches to software production in the leading-edge companies. It 
explains the layered nature of the Japanese software industry, in which software 
production techniques vary considerably from 'top' to 'bottom'. 

Most analysts are agreed that differences in culture are the main reason for 
differences in industrial practices between Japan and the West; in this paper we 
review the key differences and highlight their consequences in terms of software 

production. 


THE SOFTWARE INDUSTRY IN JAPAN 

Although the software industry in Japan has not yet reached the high levels of 
success attained by other industries, there are signs are that it may do so in the 
near future. As in other areas of Japanese industry, it is the handful of rnajor 
producers that are very much leading the way, with smaller companies lagging 

somewhat behind. 

Industry Structure 

The software industry in Japan has a layered structure, as shown in figure 1. At 
the 'top' are the very large companies such as Japan Air Lines, as well . 

major computer manufacturers (Hitachi, Fujitsu, Mitsubishi, NEC and Toshiba), 
who produce much of their own software. Then there are about 600 companies 
which are affiliated to one or other parent company that acts as the sole or 
principal customer. Many of these are 'spin-offs' of the parent company, set up 
specifically to undertake software development and maintenance. In addition 
there are about 50 truly independent software houses that do in-house 
development for a range of clients. 
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Figure 1. Layered Structure of the Japanese Software Industry 


At the 'bottom', there are 5,000 or more small independent companies that act as 
body shops, hiring out engineers to work on projects based at customer sites. 
Contracts originating from the major customers (such as computer 
manufacturers, banks and transport operators) often filter down through their 
own affiliated companies to independent software houses in the form of sub¬ 
contracts. These may in turn hire additional body shop personnel to help them 
out on a short term basis. 

Software development practices vary a great deal throughout the industry. The 
most sophisticated software producers are the large computer manufacturers and 
their affiliated companies. In addition, NTT, the recently privatised national 
telecommunications company (and now the richest company in the world by 
share value), is amongst the leaders. These are the companies which have 
pioneered the development of the so-called "software factories". These high- 
profile companies traditionally have first pick of new recruits, and because very 
few of their employees ever leave to join other companies there is a considerable 
gap in ability and effectiveness between these leading software producers and the 
rest. An article by Matsubara in IEEE Software [Matsubara93] argues that "the 
technological gap between the sunny and dark sides is widening rapidly". 

This situation is exacerbated by the fact that individual esteem within society is 
to a large extent governed by the prestige of the individual's employer; a software 
engineer who is employed by a third rate company is considered (almost by 
definition) to be a third rate software engineer. 
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JAPANESE HISTORY AND CULTURE; KEY POINTS 

Numerous studies in recent years have attempted to analyse the way Japanese 
industry operates and to draw lessons from its success. While the underlying 
reasons for it are many and varied, the conclusions of such studies have 
invariably highlighted cultural differences between Japan and 'the West' as being 
of vital importance. ('The West' here means western Europe and north America, 
and other nations such as Canada and Australia which have a similar cultural 

heritage.) 

In order to understand the Japanese way of working it is essential to appreciate 
the basis of their culture, which gives rise, generally speaking, to rather different 
attitudes towards work than are usual in the West. Whilst it is always important 
to regard generalisations with a degree of scepticism, they are reasonably 
dependable when applied to Japan because the 120 million or so Japanese are a 
fairly uniform people. 

Historical Influences 

Aspects of modem Japanese life can be traced back to the Edo period which began 
in 1637, when Japan was almost completely cut off from the rest of the world for 
over 200 years. The tyrannical mlers forbade anyone to enter or leave Japan, 
causing the country to be excluded from international debate and progress in 
areas such as science and technology. Society in Japan was highly organised 
during this period, with clearly defined classes - nobility, military (Samurai), 
farmers, craftsmen and merchants. Personal conduct and even dress was dictated 
by detailed laws and regulations, which were bmtally enforced by the Samurai. 
The masses learned to obey orders without question, and it seems that a 
willingness to follow orders still remains in the national psyche. 

Japan's isolationism was abruptly brought to an end in 1853 when a powerful 
fleet of the US navy paraded itself invincibly on Japan's shore-lines and 
demanded that Japan opened its borders to trade. Lack of cooperation by the 
Japanese led to a three-day bombardment by British, American, French and 
Dutch ships in 1864, which persuaded the Japanese once and for all that they 
needed to open up and modernise. 

Although the Samurai were harsh rulers, compared to earlier times the Edo 
period provided an atmosphere of relative peace and stability, in which the 
merchants were able to flourish. Their influence within society steadily grew, 
and they effectively laid the foundations for Japan's future commercial success. 
The pace of development once Japan opened up was astonishing. Within 50 
years Japan had transformed itself from the status of a feudal agricultural nation 
to one of the world's most powerful and dynamic democratic societies, with a 
modem army and navy, industry of all kinds, a network of railways and a 

parliament. 
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However, the newly awakened national spirit, and a growing frustration brought 
on by the unwillingness of its Asian neighbours to buy its industrial products, 
led Japan into a succession of conflicts and conquests of its neighbours. Japan's 
aggression finally led to their involvement in the second world war, in which 
much of Japan was destroyed and Hiroshima and Nagasaki became the first and 
only (to this day) cities to have ever been devastated by atomic bombs. 

This was in fact the very first time in recorded history that Japan had been 
conquered by an invader. Although Japan suffered severe damage and economic 
set-back, the defeat precipitated a second industrial transformation in Japan 
which, like the first one 80 or so years earlier, has resulted in quite amazing 
industrial and economic growth. Japan has now reached the status of economic 
superpower. Its per capita assets are three times those of the USA and four times 
those of the UK. Personal savings rates are currently, on average, around 14% of 
income; the highest in the world. 

Industry 


Undoubtedly an important force in Japan has been, as in the former West 
Germany, a national desire to regain status after the second world war. At least 
this has been the outlook of both countries' leaders, if not their whole 
populations. Since the war both countries have focused their efforts on buildine 
up t eir commercial industries; military spending was suppressed by conditions 
imposed by the allies at the end of the war. This has given them a considerable 
advantage over countries such as the UK, France and the US which have 
maintained much higher levels of military spending. For example, Japanese 

technology platforms as a result of on- 

fo bP^nn^H T T office-automation equipment are 

to be found m Japan than in any other country. ^ ^ 

Research and development in Japan tends to be company-led, rather than 

or^^r^^ companies often work together on major R&D 

p ejects. They also cooperate on the development of standards which are 

aSSSnd^dTlre ^ things tend to work the other way 

^ ^ proposed by government bodies often working together ^ 
mtl^academrc mshtuhons, and only then are compares encouraged® to fdopt 


Industrial success for the Japanese has come largely from their lone-standinp 

Eici to “hi 

from the I r<; A « f . I ^ yc^rs after the war when several industrial 'gurus' 

nZs rv ” the rebuilding of Japanesf 

industry. The most famous of these was W. Edwards Demine whose^ 

management principles are still much honoured 
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Many companies in Japan operate as part of lousiness families". Before the second 
world war these were known as Zaibatsu. A typical Zaibatsu consisted of a tightly 
coupled collection of key manufacturing and service organisations under the 
influence of one major share-holding company. The chairmen of the largest 
Zaibatsu were very influential members of society. However, all this changed 
after the war. The Zaibatsu were dissolved cund new laws were put into place 
effectively preventing individual members of society acquiring too much 
personal wealth and influence. 

Instead, some of the groups of companies which had originally formed Zaibatsu 
got together to form business families of a rather different kind. The idea was 
still that these companies would support each other as much as possible through 
trade and servicing agreements, but now the companies were free to operate in 
their own best interests. Bonds between the companies were usually reinforced 
by a small amount of mutual share-holding. 

Many of these business families are still in operation, and indeed some are very 
successful. Often such a family will include a bank, a computer/electronics 
company, a pharmaceutical company and other key manufacturing and service 
organisations. Well known examples are the Mitsubishi, Sumitomo, Furukawa 
and Mitsui groups. Decision making within these families is distributed amongst 
the member companies. By contrast, in the Zaibatsu the decision making power 
was centralised. 

In other cases smaller companies cluster aroimd one giant; this is the case with 
Toyota, Honda and Hitachi. Such clusters are known as Keiretsu. Although 
similar in structure to Zaibatsu, important differences are the fact that the central 
giant is always a major producer of goods or services, and itself must be under 
the directorship of a board of directors. Business empires of the kind controlled 
by Robert Maxwell or Richard Branson are not to be found in post-war Japan. 

In general, Japanese companies have long-term rather than short-term 
ambitions, and are therefore inclined towards increasing their market share 
rather than increasing short-term profits. It is this attitude which often leads to 
Japanese products being exported at very low profit margins, much to the distaste 
of foreign governments who see these cheap imports as a threat to their national 
manufacturing industries. In many cases Japanese products are actually more 
expensive to buy in Japan than they are in some other countries. Virtually all the 
profits which are made are invested in areas such as research and development, 
and in improving the manufacturing process. Most Japanese companies seem to 
be continually and self-consciously striving for improvement. 

Despite several recent financial scandals and allegations of corruption, most 
business in Japan is sincere, open and ethical. There is usually a good deal of 
trust involved in business deals, with few litigation proceedings. Consequently 
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the Japanese have a rather relaxed attitude towards written contracts This has 
particular implications for the software industry, as we shall see. ‘ ^ 



Although Japan is now in many senses a 'Westpmist>H' -ii. 

discos, fast food restaurants and amusemenV “S 1 ® 

certain ex.en.thd, outlook on life, i, s«U dlsllnc«,'dffSS vVhlrasfte " 

IT dT’'’”" srcT““'s.i’'oT.r 

regard them^lves'TTueTndl'%''”! "''T?®' ™“ Watcnrers 

.o®,ega,T.Ssd;e“ rdaTr;;l7pT 

which, as in Confncianlam, ,s though, ,„V the gT.S^oSl '''''' 

Generally speaking, the Japanese can be said to have a tendency towards: 
respect for elders, and for seniority within society 

• respect for ethics and morals 

• willingness to conform 

• perfectionism 

• diligence 

• team working 

• competitiveness 

• long-term thinking. 

hTis dcTed toonpT *^**^^' lapan^ male induatrial worker is well known, 
wl^ his farnllp .prTlgT'Th^&l SKdl^'Zps 

comLnist in nature 

Jp«”" t r rr 

::r.f SrSTSTu^ ;er.f;:;^T 

Sing a Sw',aT’nTT‘j ?>' ("BlnepS tor 

dileS oSgTxl™ T “‘I '«8“l»don, dr. 

severest current servility to employers and overwork as Japan's 

erest current social and economic problems [Time93]. ^ 
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Although personal income is roughly the same as it is in the USA or the former 
West Germany, Japanese employees have to work an average of 2,160 hours a 
year to earn it, compared with 1,980 in the USA and only 1,640 in the former 
West Germany. Indeed, the Japanese National Defence Council for Victims of 
Karoshi (death from overwork) estimates that as many as 10,000 individuals 
actually die each year as a direct result of,overwork. Compensation payouts to 
families of victims are rare, although claims are sometimes made. In 1992 about 
600 cases are thought to have been filed. A settlement announced in September 
1993 by Japan Tabacco Inc. - of $370,000 - to the family of a worker who died in 
1984 after having been forced to work more than 400 hours was the biggest single 
payment agreed to date [Herald93]. 

Japan has a long tradition of excellence in craftsmanship, and most Japanese 
workers do seem to take considerable pride in their work. As customers they also 
expect the best; the discerning nature of the average customer in Japan was 
arguably the original motivating force which caused Japanese companies to focus 
on producing products of high quality. 

Consequences of Life-Time Employment 

The major employers in Japan operate on the principle of life-time employment, 
and this has a number of distinct advantages with respect to the relatively high 
staff turnover rates common in the West. For example: 

• workers are likely to take more care over their work, perhaps because 
they feel a stronger sense of loyalty to the company, and because they are 
more likely to still be around in the future to face the consequences of 
any shoddy work 

• communication and cooperation between co-workers is likely to be 
more effective since they will have worked together for many more 
years, on average, and are quite likely to be social acquaintances 

• administrative and other systems work more smoothly on the whole 
because everyone is more familiar with the procedures, through having 
lived with them for longer. 

The most successful Japanese companies appear to operate at a level of harmony 
which few Western companies seem to be able to match. No doubt the factors 
just mentioned have a lot to do with this. By contrast, there is often tension 
within many companies in the West caused by conflict between different 
departments, and by repeated changes in company structure brought about by 
changes in upper management. Newly appointed managers in the West too 
often want to 'make their mark' by reorganising existing structures or 
procedures. This usually creates a considerable amount of upheaval, and 
although probably well intentioned, may well cause matters to get worse rather 
than better. Their replacements in turn create more upheaval, and those lower 
down the company hierarchy who may have lived through several such 
upheavals can easily become disillusioned. 
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In return for a high level of commitment from its employees, most Japanese 
companies offer extremely good employee training and care programmes. In 
times of difficulty Japanese companies make every effort to re-train and re- 

possible, rather than making staff redundant. A good example 
of this is Nippon Steel Corporation, which in recent years has re-trained around 
800 steel workers, with an average age of 43, to become software engineers. The 
motivation was simple; on one hand the steel industry was in a slump and on 
the other hand they were in need of software engineers. In similar 
circumstances. Western companies would be much more likely to make 800 
workers redundant and independently recruit 800 qualified software engineers. 

Volunteer steel workers at Nippon Steel Corporation underwent one year of full 
time training, after which they became junior programmers. The drop out rate 
was only about 10%, and apparently most of them have become competent 
software engineers. It is claimed that part of the reason for their success is that 
they are well used to working closely together in tight knit teams, and that this is 
an important quality when it comes to software engineering. 

This kind of training is not uncommon. It is quite normal for companies to 
provide new recruits with several months full time training before they are 
expected to produce any real work. No European or American company can 
afford this kirid of training because staff turnover is so high by comparison; in 
fact turnover is particularly high for employees in their early working lives. It is 
also normal in Japan for newly appointed managers to receive two or more 
weeks of full time intensive training in management techniques, with 
Ld'del^^^^ ^^^e'^sive training each time they move a step up the management 

Figures show that the average Japanese software engineer actually attends 13 

times as many courses as the average American software engineer, although 

most of these courses are in-house and by all accounts they can be somewhat 
ritualised. 


TYPICAL SOFTWARE PRODUCTION TECHNIQUES 

On the whole, there does not seem to be a major difference between software 
development practices in Japan, Europe and the USA, although minor 
differences certainly exist. For one thing, the low turnover rate in Japan has 
allowed them to rely less on documentation, since the original designers are 
usually still around when it comes to maintenance. Another factor here is that, 
due to the complexities of the written language, Japanese word processors have' 
only been developed relatively recently. • 
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As in other areas of business, there is also less emphasis on written contracts in 
Japan; Japanese companies are used to working on the basis of trust. Litigation 
proceedings are seen as bringing shame upon both supplier and customer. 
Consequently there is nothing like the interest in third party testing or 
certification that there is in the West where, particularly with the opening up of 
free trade between European countries, certification is seen as providing some 
kind of guarantee of product quality. The principal motivation for Japanese 
companies to adopt standards such as IS09000 comes from their desire to 
compete in world markets where such standards are generally seen as playing an 
increasingly important role. 

Although the Japanese have considerable experience at producing very complex 
systems such as large-scale telecommunication systems and sophisticated 
computer operating systems, they have rarely pushed forward the state-of-the-art 
of software technology. Also, rather than develop new production techniques, 
the Japanese have very often chosen to copy and refine the most promising 
approaches used in the West. According to Cusumano, the notion of a software 
factory originated not in Japan but in the USA in the 1960 s [Cusumano91]. IBM, 
SDC and TRW in the USA all tried out software factory concepts, although SDC 
were the only ones to use the 'factory' label. However, while SDC allowed its 
factory experiment to come to an end in 1979 after teething problems, the 
Japanese factories, through greater perseverance, appear to be going from 
strength to strength. 

One reason why the Japanese were so keen to copy was that IBM had over 50 /o of 
the world market share of computers in the 1970's. Fujitsu and Hitachi in 
particular decided that their best strategy would be to produce machines with 
IBM-compatible operating systems in the hope that users would see fit to migrate 
their existing software. This led to drawn out legal disputes with IBM. A 
settlement was finally reached between Fujitsu and IBM in 1988, lasting ten 
years, which essentially gave Fujitsu the right to continue copying IBM machines 
after paying a lump sum of several hundred million dollars, plus an annual 

licensing fee. 

The idea that Japanese companies have become successful simply by copying 
American products and concepts is, however, far from the whole truth. 
Companies such as NEC and Toshiba chose to take a different path and have 
developed entirely new operating systems. In fact there have been numerous 
American visitors to the major Japanese software producers since the 1970 s w o 
have tried to emulate at home aspects of what they saw there. Of course, a major 
reason why it is the Japanese who have been able to do most of the copying is 
that they are so familiar with English. If only Westerners could read Japanese 
books, reports and research papers with the fluency that many Japanese can rea 
English ones, the situation would surely be quite different. 
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In 1986 the total revenue for software in Japan was $5 billion, compared with $19 
billion in the USA. However, as much as 96% of the Japanese software was 
designed for integrated software and hardware systems, in comparison with 
nearly 60% of the US software which consisted of mass market packages. This 
may go some way to account for one of the major apparent differences between 
Japan and the West, which is that the large Japanese firms on the whole are 
more concerned with process improvement while Western firms are often more 
concerned with product innovation. Japanese software factories try wherever 
possible to tackle projects which are similar to ones they have tackled before. 
Novel projects are usually tackled outside the factory environment. This may 
also account for the apparently higher figures for reused software in Japanese 
products. 

Japanese software products on the whole seem to be more reliable than those 
produced in the West - figures vary, but typically indicate that Japanese software 
products have something like 50% fewer faults. One consequence of this is that 
maintenance costs are greatly reduced. Demand for software within the Japanese 
domestic market continues to exceed the supply capabilities of the software 
producers, and this has been one of the main reasons why the Japanese have not 
exported much software or bid frequently for overseas contracts. It is dangerous 
to assume that, because they do not currently export much software, their 
software industry is immature. On the other hand, producing software products 
for foreign markets is considerably harder than producing the same product for 
the home market because of the language barrier. 

The Software Factory Approach 

The term "software factory" became popular in Japan in the 1970's, and was 
adopted by several Japanese companies. Hitachi were the first to use the term, in 
1969. Two factors which prompted Hitachi to set up their software factory were a 
severe shortage of skilled software engineers and a poor past reputation for 
quality. Hitachi set two goals for their newly created software factory: 

• to improve productivity and reliability through process standardisation 
and control 

• to transform software production from an unstructured service to one 
which could deliver products with a guaranteed level of quality. 

These goals are just as appropriate today as they were then. In order to achieve 
them, a software factory must have a standardised life-cycle model and project 
management procedures, and a uniform development environment utilising 
CASE (Computer Aided Software Engineering) tools as far as possible. It must 
also have a well developed data collection and analysis programme so that 
quality and productivity trends can be tracked and new working methods 
properly assessed. The notion of a software factory also places an emphasis on the 
use of reusable code modules. 
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Although strictly speaking the term 'software factory' refers to a concept rather 
than a physical building, often it does refer to a particular location where lots of 
people are engaged in software production. Typically, a software factory consists 
of large open plan offices with 100 or more software developers in each. 
Workspace is often very limited, particularly in urban areas where land prices 
are high. Each engineer normally has a small area of desk space, a computer 
terminal, and shelf and some filing space. Desks are often set out in rows, with 
group leaders in a position to see all the members of their group. It is also 
common for the department manager and his or her deputy to sit in partitioned 

rooms in a comer of the office. 


Of course, simply adopting the factory title does not necessarily mean a different 
way of working, and, in general, the tools and techniques use m ® 

in software factories or not) are not very different to those used in the USA and 
Europe. The review or walkthrough, for example, is still the principal techniqu 
used for improving the quality of software. However, most Japanese software 
factories have launched genuine long-term efforts to centralise and systematise 

their software production. 

Hitachi tried to run its software factory along the same lines as its hardware 
factories. As in other companies, the drive came from management ra*er 

than the software engineers themselves, who tended to dislike the ^ ' 

feeling that they were white collar workers being asked to operate along the same 
lines as blue collar workers. During the mid 1970's there was heavy mves ment 
in the development of automated tools for Project m^agement, des'gn support, 
testing, program generation and reuse support. In 1985 ®P * 

operations into 'blsic' and 'applied', since it realised that different tools, 

techniques and methods were needed for each. 

In 1976 NEC established no less than 5 software factories, with beti^CT 1,250 and 
2,500 software engineers in each one. Since then Toshiba, Fujitsu, 

Mitsubishi have all followed suit. (Interestingly though, Hitachi have r«:en y 
changed the name of their software factory to 'Software Development Centie 
because they feel the factory image is actually off-putting to prospective new 

recruits!) 


The way quality assurance is normally tackled within the 

industry is rather different from the way it is noimally tack ® * ’ 

Japan every member of staff is encouraged to be involved with . 

wLreas in the West there is often a detached projecti 

assurance programmes are often applied company-wi ® suDoliers and 

wide, as is more usual in the West. Open relationships 
customers in Japan mean that in many cases customers are 

of visibility into how projects are progressing. ^fohases 

shown graphs showing the trends in defect detection rates v"iou® phas 

of the life-cycle; something which few Western suppliers would contemplate. 
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Abstract 

In this paper, we develop an algorltlwi to sdi^lo ^art 
single nec^lne In a imlticlass and nodlfy 

with a schedule obtained by ‘ cImsJT w 

It suitably by recrrouplng jobs 
that setup tl.«8 

is Illustrated for a two-class, 89 job wneouiing pm. 
results are presorted for different setup times. 


1. niiicDiicnaN 


Scheduling Is one of the most important Issues In the 
planning, nenagarent and operation of nanufacturlng oyata®. In 
this paper, we address the problan of setups, or switchover times 
Incurred In a imlticlass production envlroiment. Hb propose a 
slnple heuristic algorltlm, based on Lagranglan Relaxation [1, , 

91 to produce a sub-optlnel schedule that effectively handles 

need for switchovers between multiple job classes. The algorithm 

Is tested for various setup times on an 89 Job exanple- 

1.1 Schedule denaratlon using Lagranglan Relaxation 


The theory of seepienclng and sdiedullng, more than my 
other area In Operations Research, Is characterlxed by J 

unlimited nmber of problan types 12, 61- Recently, ^ ^ 

deterministic irachlne scheduling, scheduling algor It 
lagranglan Relaxatlcm 11, 71 have been prcposed 

be highly effective In real^rld factory sltuatlo^- It^se 
Lagranglan RelaxatKm based algorithm have been rev ^ in 
Luh et al. [81 presented the first of these algor thm 
case of scheduling single operation Jobs on parallel l^loa 
imchlnes. Later, the approach was extended to the ^ ^ 
multiple-operation Jobs with precedence oonstra n s 
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algorithms use a decxxiposable objective function sik^ as the total 
weighted tardiness and c^tain the solution by solving IXKlependent, 
job-level subproblems. All these algorithms have proved to be 
efficient, near-qptimal procedures, with the additional feature of 
yielding a lower bound on the cost , which can be used as a measure 
of suboptimality. 

1.2 The Problem of setivs 

The Lagrangian Relaxation (LR) technique vjorks on the 
problem by deconposing It Into a nnrber of job-level subproblene, 
which may be solved Independently. However, once setups are 
introduced, this advantage is lost, as the cost cannot be 
independently evaluated for each possible beginning time of a Job. 
Different beginning times of the Job put it In different batches 
depending on the location of other Jobs, and this causes loss of 
independence and decxnposability of the original problem. So the 
LR technique cannot hcindle setups directly. Also, the original 
problem itself is strongly np-hard [7, 8, 9, 11]. CXir goal is 
therefore not to obtain the optimal solution. Rather, we obtain an 
efficient solutlcxi that includes the effect of setups and Inproves 
on an Initial schedule generated by the original IR technique. 

1.3 Qrganizaticn of the Paper 

In Section 2, we review the LR technique developed by Luh 
et al. [81. In Section 3, we describe in detail the algorithn we 
propose to generate an efficient schedule taking setups into 
consideration. The input data and nimerical results for an 89 Job 
scheduling problan are Illustrated in Section 4. 

2. A IR TKMUaiJE FOR SCHEDOLDIG 


The basic technique that we employ in this paper is the 
recent one proposed by Luh et al. [81. We give a brief description 
of their technique here. The method is used for the notpreenptiva 
discrete time scheduling of Independent Jobs on identical, 
parallel machines and Is based on the Lagrangian Relaxation 
Algorithm [1, 7]. The technique yields a near-optimal solution and 
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has the feature that Its perfoimanoe can be measured with respect 
to the optinun. The Input variables are: 

N : Nuifcer of Jobs 

K ! Tims horizon for scheduling 

wj, ...Wn : Weights (relative Inportanoe) of jobs 

ti,-.., tjj : Processing times of the jobs 

Di,..., Dm s Due dates of the Jobs 

: Naifcers of mat*ines avallAle at discrete time 

instants 1, 2, K, respectively. 

The decision variables are Bj.fbe beginning times for 

the Jobs. Now, define, for 1 = 1...- N- and X = 1,....K. 

sjjj = 1 If Job 1 Is undergoing processing at time X 
s,v = 0 If Job 1 Is not undergoing processing at time X 

X Iv 

= Oorpletion time of Job i 
Tj^ = maxlO, 

Tj represents the tardiness of Job 1. The objective function 
of interest Is 


N 


i=l 


WiTi 


which is the weighted tardiness criterion. Th ® _ 

into account the relative Inportance of Jobs, and the 
of meeting due dates. The sdwdullng problan can now s a 

follows. 


N 

min J with J = 'S Wi^i 
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subject to capacity constraints j 


S ®ik - k = 1,..., K 
i=l 

and processing time requirsmants: 

Cj - Bj + 1 = tj, t = 1.N 

The problem is solved by rtaximlzing the dual fmctlon whldi is 
obtained by using a set of nrultipllers to relax the capacity 

constraints. Ihe dual problem is 

nax L with 

7r 


A/ ^ 

^ f + min s twjTi + 2 ; TTjcSijjl) 

(Bj} 1=1 1=1 

subject to 7r2 0 and 

C| - + 1 = tj, i = 1,..., N 

The dual problem can be deoatposed into N siihprobleoB, one for 

each job, as follows. GivenTT and i = 1,...,N, the 1^^ subproblem 
is 

min Lj , with 
l<Pi<K-tj+l 

K 

Li = wjTi + s rr^su^ 

k=l 

subject to Cj - + 1 = tj 

The cdiputational complexity of each subproblem is linear in K. 
Using these K solutions, the dual problem is solved using a 
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subgradlent method. The stoijplnqf criterion used in the above 
subgradient method does not always yield a feasible schedule, in 
the sense that the capacity constraints might be violated for a 
few time slots [81. To construct a feasible sdhedule, a greedy 
heuristic based on the list scheduling concept is used. 

An interesting feature of the above technique is that the 
performance of the feasible schedule obtained can be measured 
against that of the optimal schedule [81. 

3. 9CHEDULHIG CF PfOXICnOH WITH SETUPS 


For a single machine, we propose the following technique to 
include the effect of setups on the final schedule. Initially, we 
OTploy the LR technique as in Luh et al. [81 to g«ierate a 
sequence of jobs scheduled to be produced on the given machine. 
Assuning n jobs, Let the obtained sequence be Jxp Jx 2 f*• • 

This sequence is nearly optimal if setup times are neglected. 
However, with setups, this may prove to be hitfily inefficient as 
shown in Section 4 . Our idea is to now group the jobs belonging to 
various classes together without upsetting the basic sequence. 

3.1 Sdheduling with two job classes 

We illustrate our approach for the two job-class case. 
Looking at the schedule of jobs on the machine, we see that every 
Job belongs to either class A or class B. We pick out all the 
class A jobs as they appear in the schedule and designate them 
Jap Jaj,.Jap and similarly the class B jobs and designate them 
Jbj, Jb 2 f. •. #Jbq, vtiere p « rmter of class A jobs, q * nmber of 
class B jobs, and p -f q = n. 

Assuning a known nuriber of setups k (This is discussed later) 
we designate k variables Sj^, ^ ^ having values 
corresponding to the nunber of jobs after which a setup takes 
place. Since we assure that the machine is initially idle, - 0 
always. For exanple, S 2 ” 10, S 3 = 15 means that 10 jobs of one 
class are processed, followed by a setup, and then 5 additional 
jobs of the other class are processed followed by a set\q> and so 
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on. We first look at the schedule having equal batch sixes for 
class A Jobs and equal batch sizes for class B Jobe. The batcti 
size for A will be q^^ = 2ng^/s and that for B will be <;^ » 2njj/s. 
The sequence will look like one of the following! 


^ ^ vTQjp I ^ • • • • I • • * 

(1) 

J / • • • # Jbq 1 JSL # « • • 1 • • • 

( 2 ) 

Corresponding to (1), we have 



= 0 

^2 = <Ia 

5 3 = S2+<I]3 = 

5 4 = Ss-Kla = 2<Ia+% 

5 5 = S^+qjj = 2 (ij^+ 2 (^, and so on. 

Corresponding to (2), we have 
= 0 

®2 = % 

53 = S2+qa - (;^+<ia 

5 4 = S 3 -K^, = 2(;^+<Ig^ 

^5 ” ^ 4 ^a ~ 2 qj^+ 2 c 3 (g^, and so on. 

We choose sequence (1), or (2), depending on whldi gives a lower 
cost. We now see that given the values of CSjlj.j |^, we can 
generate a schedule, and oonpute the corresponding weig^tited 
tardiness. For describing the technique, suppose we choose 
sequence (1). We now decrement $2 by 1 so the size of the first 
batch Is Qa-l- To retain the size of the second batch, we need to 
decrement S 3 by 1. The batch sizes are now q^”!# We 

conpute the cost of this schedule. We also increment S 2 and S 3 by 
I, to get the batch sizes as qg^+1, qg^. CXit of the 3 possible 
schedules that we have, we choose the one with lowest cost and set 
the corresponding CSjJ variables. To change the size of the second 
batch (first batch of class B Jobs), we increment or decrement the 
values of S 3 and by 1 , and again choose the schedule with 
lowest cost. This is repeated till we increment or decrement Sj^_j 
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and S]^. 

At the end of the first iteration, we have a revised schedule 
with a cost lower than that of the schedule with equal batch 
sizes, due to the manner in which the pemutatlon of Jobs is done. 
The iterations are new repeated in an identical manner. Gradually, 
the values of (Sjl are seen to stabilise, that is, it proves 
unworthy to change the value of in a given iteration, cn 
reach a stage where no further decrease in the objective function 
is possible, the procedure is stopped. Wte have new obtained a 
value of the cost function that is sub^tlnal with respect to the 
variables Sj, Fixing of these values of 1 

autoretlcally inplles determination of the final sdiedule. 

3.2 Choice of nvuter of setups 

The methodology proposed needs an initial value of k. Fbr 
this selection, the following considerations ray be used; 

- If the nvntoer of setups is too low, then the tardiness 
contribution of delayed Jobs beccnes too hl^. An extreme case of 
this would be vhen we group all As together and all Bs together. 
If As are scheduled first, then the weighted tardiness of hi* 
priority jobs In class B becaties very 

- If setups are too frequent, then roost tiroe is spent in setting 
up the rachine rather than in processing Jobs. This frequwt 
Idling of the rachine contributes significantly to the tardiness 
of Jobs scheduled later on it. The upper limit on the nwtoer o 
setups is the n«*er of setups required for a schedule generated 

directly by the LR technique. 

- The actual setup time in relation to the processing times of the 
various Jobs gives a very good idea of how often it really is 
worth going in for a setup of the rachine. 

Based on the above, an estimate of the nuiber of setups ray be 
TOde and the algorlthn ray be run for tvo or three values around 
this estimate. The schedule giving the Icwest cost Is thai 
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Table 1 
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chosen• 

3.3 Extenslcfi to Multiple Marfilnes 

Though the technique described ai^Ues to 

single nachine, it can be very easily extended to ^ 

and setups on identical, parallel nachines. The IB * ^ 

IS used to generate Independent sd^dules for ea^ of tl« 

nachlnes. Our methodology nay then be appU “ ^ 

nachines separately treating them as single nachlnes 

process a set of jobs allocated to than. 

4. MJMEEIC3VI, RESULTS 
4.1 Scheduling Data 

Experlnants are carried out on an 89 Job e^le, 
with suitable nadlflcatlons. The data u^ -h^^ 

The colunns ^n tLs data, a schedule 

processing «« 3 iaerlng setups, and them 

Is first generated using u* witnouv -/Whaduio 

4 . *«e to oroduoe an efficient 8<a»eauie 
appropriate regrouping is done to pzuu«« 

with set\j?)s. 


4.2 Results 


without considering setiflw, ^ ^l^^^ts'tTthe schedule 
17726. With various setup times, tl« Is^^ ^ 

are S4anarl7ed In the folloming table, O^ere t, __ 


10 


20 50 100 150 200 300 


8 


Cost of 

m 

schedule 


ifcii 77214 106814 136414 195614 

18606 19198 20974 23934 29854 47614 


Cost of 

our 17811 18015 18568 19338 
schedule 


25498 32392 39294 46051 59181 











274 


For setMp times of 1 and 2 (an order lesser than processing 
times) it is se^ that the sc^iedule with 5 setups gives the least 
cost. The order of batches is as in BABAB. As the setup time is 
increased, for an initial schedule with 5 setups, two of the 
setups are seen to converge into one another during the 
iterations, thus yielding a solution with Just 3 setups. This 
occurs for setup times 5, 10, 20, 50 and 100. Beyond 100 (an order 
greater than processing times), it is seen that the schedule with 
just tvjo setups (BA) comes very close to the schedule with three 
setups (BAB). These results are sunrmariTed as follows. 


^s 

100 

150 

200 

220 

240 

250 

265* 

Cost for 








2- setup 

schedule 

32392 

39294 

46051 

48691 

51331 

52651 

54631 

Cost for 

3“ setup 

schedule 

33181 

39681 

46181 

43781 

51381 

52681 

54631 


For values of tg above this, the setups for an initial 3-setup 
schedule converge into one another to yield just two setups. 


4.3 Oooclusions 

The heuristic algorithm presented above effectively modifies 
the schedule operated by the IR technique to include the effect 
of setup times and generates a new schedule. At every stage, we 
proceed along the hyperplane of (Sj) values only in the direction 
of decreasing cost, and there is a very definite stopping 
criterion, that is, when the cost cannot be reduced further. Given 
the original schedule generated by LR, the final schedule Is 
generated very quiclcly. Another feature of the algorltlm Is that 
giving a large initial nurber of setups causes adjacent (Sj) 
values to becone equal to one another, inplying that 2 setups are 
eliminated for every such case, thus reducing the nunber of setiq>s 
autcmaticaily. 
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5- satwrr mb Ftrt«E wc^ 

This paper presents a heuristic algorlthn to sct^^ 

» lobe In nultlclase production eystan uslnq an 

inimi “schedule generated by the 

higher setup times. Future work alms at 

to handle a greater nuifcer of Job classes and . 

to nanaie ay of lobs between batches. 

Intelligent criteria for the pemwtatlon J ^ ijj to 

Hork Is also In progress to develop aHprltlro 
handle on-line bhanges In the production envlroimen . 
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